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ABSTRACT

A thermal design procedure for air cooled electronic
circuit boards has been developed for the Hewlett-Packard
[lodel 9845 desktop computer. The system of interactive
programs, called THERMELEX, performs thermal analysis of
printed circuit boards to predict either the junction tem-
peratures for given power dissipation levels or the maximum
power levels for given junction temperature limits. The
system includes the following features: totally interactive
with all input in question and answer format, simple data
verification and correction capabilities, ability to store
and retrieve circuit board descriptive data totally under
program control, wide variety of outpuf formats including
tabular and graphical. By using internal selection of heat
transfer correlations, the THERMELEX system depends only on

input of physical parameters for thermal predictions.
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Agap
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Apara

Areg

Aspin

Astag

Axpin

Bdh

Bd1

Cpaix

CPU

Dgap

Dh
DIP
Epsb
Epse
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NONMENCLATURE

Average area for cooling air flow
Area of bottom of component

Area for conduction in either a CPU
Oor a circuit board lead

Area of the component experiencing
parallel flow

Area of the region on the circuit
board

Surface area of the component lead

Area of the component experiencing
stagnation flow

Crussectional area of the component
lead

Height of circuit board (perpen-
dicular to air flow)

Length of circuit board (parallel
to air flow)

Heat capacity of the air

Conduction Path Unit (size
defined by user)

Distance between the component
bottom and the circuit board

Hydraulic diameter

Dual Inline Package
Emissivity.of the circuit board
Emissivity of the component

Volumetric air flow rate

(m®]
[m?)

[m?]

[(T/Kg~degK]

[m

[m™]

[m3/sec]




SR SRR Ty AE b

Fr
Gnu
Gz

Havg
Hb
Hduct
He
Hpara

Hr

Hstag

Kair

Kb
K1l
Kpin

Le
Lpin

Lr

Mair

Navg

Roughness factor
Kinematic viscosity of air
Graetz number

Average height of the components
present on the board

Heat transfer coefficient for the
circuit board

Heat transfer coefficient for the
duct formed by the circuit boards
and equipment case

Height of the component

Heat transfer coefficient for areas
receiving parallel air flow

Dimension of region in the vertical

[m2/sec]

[m]
[Watt/mz-degK]
[Watt/mz-degK]
[m ]

[Watt/mz-degK]

direction or vertical distance between

finite difference nodes

Heat transfer coefficient for areas
receiving stagnation air flow

Thermal conductivity of cooling air

Thermal conductivity of the circuit
board

Thermal conductivity of the board
leads

Thermal conductivity of the compo-
nent lead

Length of the component

Length of component lead
Dimension of region in the hori-
zontal direction or horizontal
distance between nodes

Mass flow rate of cooling air
Average number of component in a

vertical column perpendicular to
the air flow direction
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[m ]

[Watt/mz-degK]

[Watt/m-degK]
[Watt/m-degK]
[Watt/m-degK]

[Watt/m-degK]
[m ]
[m ]

(m ]
[Kg/sec]




Npin Number of leads on a component

Nxr Number of regions in the air flow
of horizontal direction

Nyr Number of regions perpendicular to
the air flow direction or vertical
direction

Perim Wetted perimeter of the air duct

Pow Energy dissipated in the component

Pr Prandtl number

Q Rate of heat transfer

Oe-b Total rate of heat transfer from

the component to the circuit board
Ql Total rate of heat transfer out the
bottom of a circuit board region
Q2 Total rate of heat transfer out the
right side of a circuit board region
Q3 Total rate of heat transfer out the
top of a circuit board region
Q4 Total rate of heat transfer out the
left side of a c¢ircuit board region
R Thermal resistance for heat
transfer
Re Reynolds number
Rb- Total thermal resistance for convec-
comn tion from circuit board surface to

the cooling air flow

Rb-hor Thermal resistance for conduction
in the circuit board between nodes
in the horizontal direction

Rb-ver Thermal resistance for conduction
in the circuit board between nodes
in the vertical direction

Re- Total thermal resistance for con-

conv vection from component surface to
the cooling air flow
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[m ]
[Watts]

[Watts]

[Watts]

[Watts]

[Watts]

[Watts]

[Watts]

[deg K/Watt]

[degK/Watt]

[degK/Watt]

[degK/Watt]

[degK/Watt]




Rgap-
cond

Rgap-
rad

Rl

Rpara

Rstag

Rtop-r

Thb

T3

Vair

Wavg

We

Conductive thermal resistance for
the air gap between the component
bottom and the circuit board

Effective thermal resistance for
radiation from the component bottom
to the circuit board

Total conductive resistance between
finite difference nodes (centers of
region)

Thermal resistance for heat transfer
from area receiving parallel air
flow

Thermal resistance for heat transfer
from area receiving stagnation air
flow

Effective thermal resistance for
radiation from the top of the
component to next board

Total thermal resistance between

the component bottom and the

circuit board

Local air temperature

Temperature of the component surface
Temperature of the board surface
Thickness of the circuit board

Temperature of the component
junction

Velocity of the cooling air

Average width of the components
present on the board

Width of the individual components

Direction parallel to cooling air
flow also referred to as the hori-
zontal direction due to orientation
of circuit board picture on screen
of computer
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[degK/Watt]

{degK/Watt]

[degK/Watt]

[degK/Watt]

[degK/Watt]

[degK/Watt]

[degK/Watt]

[degC, degK]
[degC, degK]
[degC, degK]
[m ]

[degC, degK]

[m/sec]

[m]
[m ]
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Xi

Zb

Distance from the entrance of the
cooling air

Direction perpendicular to cooling
air flow also referred to as the
vertical direction due to orienta-
tion of circuit board picture on
screen of computer

Distance between circuit boards
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I. INTRODUCTION

A. BACKGROUND

Electronic components generally convert a significant
fraction of the input power into internal joulian heating.
When the components are large, widely separated, and air is
permitted to circulate freely among them, this heat generated
within the component is transferred to the environment through
natural convection. Indeed, millions of pieces of home elec-
tronic equipment have operated reliably for years depending
only on natural circulation for cooling. The major emphasis
over the last 15 years has been a continuing effort toward
a reduction in physical size of components and increased
component density within electronic equipment. The military
is particularly in need of smaller, more complex, yet relia-
ble equipment that must often be sealed from an extremely
hostile environment. This results in the need for more
efficient cooling methods.

The age of large scale integration (LSI) is here.
Although the power dissipated in each active junction within
a component has greatly decreased, the large number of heat
sources on each chip has created serious heat removal
problems. There is a genuine need for electronic designers

to not only be aware of the problems associated with higher
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temperatures, but they must also be prepared to solve those
problems. References [l] through [10] are a sampling of
the many sources that indicate the increased emphasis on
cooling problems throughout the electronics community.

The need to operate electronic equipment with maximum
junction temperatures below those levels that result in
failure is well recognized, but even moderately high temper-
atures in electronic components result in progressive
deterioration and reduced reliability. A generally accepted
thumb rule is: for every 10 deg C increase in junction
temperature, the lifetime of a component will decrease by
one-half. [3, 7] The increasing costs associated with each
failure make it imperative to address reliability during
the equipment design phase and to provide sufficient cooling
to maintain temperatures as low as practical.

There are many methods of removing the heat dissipated
within electronic components. These methods include the
natural air convection previously mentioned, thermo-electric
devices, heat pipes, cold plates and even complex refrigera-
tion systemswhich use pumped liquid coolants [8]. The
complex systems required for these solutions can lead
to lower reliability through increased probability of
failures in the cooling system. While many of these methods
can allow extremely high power densities for specific appli-

cations, the most widely used method for cooling of components

14




mounted on printed circuit boards is forced air cooling.

Air is readily available, abundant, non-corrosive, non-toxic,

non-flammable, dielectric, and is easily pumped using readily

available fans and blowers. For those situations where there

is a need to seal the equipment, interior cooling air is often
circulated through heat exchangers.

All too often the problem of cooling the electronic com-~
ponents is attacked after the circuit boards have been designed
or even produced and assembled [9]. 1In some cases, the need
for increased cooling is recognized only after repeated
failures in service have resulted in unhappy users and ex-
cessive repair costs. At best both the electronic design and
the thermal design progress concurrently but are worked on by
separate design groups. These groups may have conflicting
range goals that can interfere with the important long range
goal of reliability.

Many of the efforts to directly involve the electrical
designer in the thermal problems are directed towards overall
system cooling. Reference [11] details a thermal design
program called VENTBOX. VENTBOX treats a cabinet enclosure
with entire circuit boards modeled as distributed heat
sources. This program fails to address the problems of in-
dividual components and, therefore, is unable to analyze
the circuit board.

Electronic circuit analysis programs are often utilized

in the thermal analysis of circuit boards [12 and 13]. This

15




Sxo i

technique requires the development of an equivalent thermal
circuit, usually by a packaging engineer, and thus the thermal
design is removed from the hands of the electronic designer.
Reference [14] details a thermal analysis program for circuit
boards that is much more accessible to an electronic designer
since the inputs are physical dimensions and types of compo-
nents rather than equivalent thermal network parameters.

All these programs share a major weakness in that they
depend on a large general purpose computer facility. This
not only can result in excessively long turn-around times
in batch processing, but also the expense of computer time
may become a factor. In addition, the input data typically
consists of long lists of numbers that must be in the proper
format with the correct option selection codes. Likewise
the output also consists of even longer lists of numbers
with the key information hidden in their midst.

One solution to automated thermal design and analysis
of avionics systems is being developed as a joint project
by the Air Force Flight Dynamics Laboratory at Wright
Patterson Air Force Base and Boeing Aerospace Company. The
ITAD (Integrated Thermal Avionics Design) system is expected
to include many existing analysis programs and a large ever
growing data base containing reliability parameters. It
is anticipated that ITAD will be accessed by user through

both batch methods and interactively through color graphics

16




terminals. The scope of this project is enormous and the

benefits to the system designer will be many, provided he

has access to the large computer at Wright Patterson Air
Force Base [15, 16].

Another solution on a much smaller scale is to create
a program for a compact, stand alone desktop computer that

is easily accessible to the designer of electronic circuit

boards. Such a system, if interactive and "friendly" to
the casual user, would allow rapid evaluation of various
circuit board designs at the conceptual level. Rejection
of those designs with poor thermal characteristics could
then occur before they leave the drafting table saving both

future efforts and dollars.

B. OBJECTIVES

The main objective of this thesis was to develop an
interactive thermal analysis program utilizing the Hewlett-
Packard 9845 desktop computer. It was considered important
to include the following features:

1. Simplicity of operation: All data input and control
of program flow are done in a question and answer format in-
cluding specific instructions with each question.

2. Graphical data checking: Display circuit board
replicas on the screen both for verification of input and

to provide a more useful form of output.

17




3. Data correction capabilities: Use interactive methods

to allow correction of portions of the data without the need
to repeat all the input.

4. Automatic storage and retrival of data: Circuit board
descriptions should be written to and read from mass storage
devices using simple questions and answers rather than requir-
ing specific knowledge of operations of the devices.

5. Analysis methods hidden: Various empirical heat
transfer correlations should be used based on the physical
descriptions and the user should be relieved of the need to
make decisions concerning the details of the heat transfer
analysis methods.

6. Sensitivity analysis: Allow automatic parameter
changes to investigate the effects on the thermal performance

of these changes with plotted data.
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II. DESCRIPTION OF THE THERMELEX SYSTEM

GENERAL

1. The Computer

The name THERMELEX will be used to refer to the

system of interactive programs created to perform thermal
analysis of air cooled electronic circuit boards. The
programs are written for the Hewlett-Packard Model 9845
desktop computer using the Hewlett-Packard extended version
of the basic language. A sophisticated operating system
hides the complexity of the 9845 from the user and provides
protection from his mistakes yet provides the power and
flexibility needed for application programs such as the
THERMELEX system.

The computer used to create and debug THERMELEX is
the 9845A with 64 k bytes of read/write memory (option 203),
internal printer (option 500) and graphics package. 1In
addition, dual tape drives and dual floppy disks were utilized
in the development of the system. These additional mass
storage devices provided considerable increase in the con-
venience and speed of storage and retrieval operations but
THERMELEX is designed to operate with only the standard tape
drive. Recent advances in the internal electronics have
resulted in this model being superseded by the 9845B model

with larger memory capabilities and several other features.

19




THERMELEX is available in either an A-version or B-version
for use in the respective model of the 9845.

Figure 1 shows the 9845A but the 9845B is identical
in physical appearance except for the name tag. The screen
at the top will display the messages from the system to the
user, what is typed by the user and the output from the
THERMELEX programs. This output may be printed on the screen
in what is known as the alpha mode or it may be presented as
pictures and words from the graphics mode. Output of either
mode may also be produced on the thermal printer above the
keyboard in the inclined area. Directly underneath the
screen there are four pull-out reference cards that explain
error messages and other operating conditions that may occur.
At the extreme upper right corner of the sloping section is
the standard tape transport (:T15) for mass storage of
programs and data.

The keyboard contains not only a set of standard
typewriter keys but also several other groups of keys that
are important to THERMELEX. The numeric keys at the lower
right allow easy entry of numbers as an alternative to
those in the alphanumeric group of keys and allows numeric
calculations to be performed even during execution. Between
these groups are the gold colored program control keys. All
responses to questions are followed by pressing the CONT key

at the bottom of this column of keys. The group of special

20




function keys in the upper right are defineable by the user
or from program control. They are also used in THERMELEX

as priority interrupts to simplify the input of data. This
use of these keys is further explained later. The final key
of interest to the THERMELEX system user is the AUTOST key
in the lower right corner of the EDIT/SYSTEM FUNCTIONS group.
This key allows automatic loading and execution of the first
program in the THERMELEX system. Explanation for its use

is found in Appendix 1, the User Instructions. For further
explanations of the features of the Hewlett-Packard model
9845 computer, see Ref [17] supplied with the computer.

2. THERMELEX System

Due to the memory limitations of the 9845A, THERMELEX
is divided into three major programs which are generally
brought iﬁto case from mass storage under program control as
they are needed. However, each program is designed to stand
alone which can allow the experienced user to bypass some of
the guestions and answers required to help the inexperienced
users. AUTOST is the first program of the three; here several
pages of user instructions (see Appendix 1) may be printed,
the special function keys are defined and the user is directed
along a path to follow towards the other programs. In BOARDS,
the circuit board descriptive data is entered, verified and
stored on any one of the mass storage devices. The user may

also elect to produce a printed copy of the input data for
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his records. The THERML program performs the thermal analy-

sis and provides output in various tabular or graphical forms.
These three major programs will be described in more detail
in the pages that follow.

There are also several smaller files in the system.

BDSKEY and STDKEY alter the definitions of the special

function keys. TNAMES contains a listing of all variable
names and program section names with explanations to aid in
any future modifications of the THERMELEX system. DEMO-P
and DEMO-T are data files containing example circuit board
descriptive data to allow demonstrations of the system and

to help the new user become familiar with the capabilities.

B. AUTOST
1. General
AUTOST is the driver program for the system. This
name allows the program to be automatically loaded and exe-

cuted if the AUTOST key is latched down and if the tape

i containing the THERMELEX system is in the standard right-

| hand tape drive (:T15) when the main power switch is turned
on. Regardless of how the program is loaded, the first
guestion will be concerning the location of THERMELEX. The
program will ask which mass storage device contains the
system since this is necessary for correct program control.
At this point, the program defines the default mass storage

device using the "MASS STORAGE IS "---" command, and the

22




default mass storage device should not be altered while using

THERMELEX.

2. Instructions

AUTOST will provide a printed set of user instruc-

i tions either on the screen in short segments or on the thermal
3 printer in 8.5 by 11 inch pages. These instructions present

| an overall system view and are intended to familiarize the in-
experienced user and supplement the extensive instructions

and prompts that are presented on the screen in all sections
of THERMELEX.

3. Special Function Keys

AUTOST redefines the special function keys as required
for the system and can provide a paper key~-code overlay as a
substitute for the plastic model (Hp Part #7120-6164). ~rfigure
3 shows both styles. The paper style may be used as a guide
i for filling in the appropriate blanks on the plastic version.

4. Option List

Finally, AUTOST provides a list of options for the
user to select from. He may load either of the other two
programs in THERMELEX or produce a complete copy of the
programs in the system through selection of the appropriate
number from the menu of options. This technique is employed

throughout the system whenever possible because of the sim-

plicity involved in entering a single number over other

i methods of option selection.
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5. The Copy Option

The copy option is included as a built-in feature
since there are many separate files in THERMELEX and a
separate command is required for each file to be copied.
Any mass storage device may serve as the destination for
the system; however, when copying to tape, it is suggested
that it be blank due to the number of open blocks required.
Following completion of this option, program control
returns to option list. It is expected that the first
option (keyboard entry of circuit board description) is the
‘most likely to be used and the description that follows

assumes this path.

C. BOARDS
1. General
The major purpose of the BOARDS program in the

THERMELEX system is to provide a simple method for input

of the descriptive data needed in THERML for the creation
of the thermal model and the analysis. This data includes
the geometric and material properties of the circuit board
as well as what components are on the circuit board. These
components are limited to DIP's (Dual Inline Packages) and
chip carriers (FLAT Packs). The thermal model used for the
analysis of the board is a finite difference scheme and the
physical location of the components is approximated by the

locations of the finite regions created by the user.
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The descriptive data may be entered from the keyboard

in response to simple gquestions; or, it may be retrieved from
mass storage data files previously recorded using BOARDS.

The instructions included as Appendix 1 provide specific
explanations of how to use this program.

2, Checking of Input Data

All input data is displayed using either the graphics
capabilities of the 9845 or with printed lists produced on
the screen or paper. The user may, therefore, easily verify
the validity of the data he has entered. This feature is
included whenever possible throughout THERMELEX.

3. Correction of Input Data

''here are many opportunities to change the descriptive
data using the same question and answer format of interactive
programming. At no time is it necessary for the user to have
extensive knowledge of the program's internal workings or the
machine level commands performed within the program. As a
further means of correcting past errors, the backup feature
built into the THERMELEX system makes it extremely easy to
return to previous questions. This feature is accessed by
depressing the special function key (Ko) in place of a
response to a request for input. Program control will jump
back to the previous question to allow re-entry of data.
Repeated use of Ko allows backing up to any desired point

and resumption of program flow from that point.
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4. The Circuit Board

To describe the geometry of the circuit board under
investigation, the user must enter the length, width, thickness
and the thermal conductivity of the circuit board. With no
input, the thermal conductivity will be assigned a default
value of 0.29 Watts/m-degC, a representative value for the
bonded glass laminates generally used for construction of
circuit boards. The length parameter is defined to be in the
direction of air flow regardless of which dimension is the
largest. |

In order to create the finite difference thermal
model, the board must be divided into logical regions by
placing any number of equally spaced vertical lines and any
number of equally spaced horizontal lines on the becard up to
a total of 50 regions. More regions would be possible in the
9845B due to the larger memory capacity but this would
require some program changes. Each region will either contain
a component assumed to be centered in the region or will be
empty. Since there may be regions with no components, there
is no unique set of descriptive data for a given circuit
board design. The user is encouraged to try different com-
binations of horizontal or x regions and vertical or y
regions to describe a circuit board. Figure 4 shows two
such possibilities for a board with six 14 pin DIP's. Both i
the six region model and the 42 region model describe the
same board. Experience is helpful in making decisions as
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to how to divide the board and some boards may not fit into

the constraints imposed by THERMELEX, but many will.

5. The Components

Each of the defined regions will be empty or contain
one of the following components: 14, 16, 24, 40 pin DIP's
with either vertical or horizontal orientation and 16, 24,
40, 64 pin chip carriers. These components will be assured
to be centered in the region (with the exception of the
40 pin DIP which will be assumed to occupy two regions).

The input of component type for each region is via the
special function keys. A special paper key-code overlay for
use in this component input section may be provided if a
plastic version is not available, see Figure 5. As a
flashing cross appears in each of the regions, the appro-
priate special function key is depressed. This defines the
type of component, length, width, orientation and draws the
component on the screen for visual verification of correc-
tions. After all regions have been defined, corrections
are possible through removal and replacement of components
using the same special function keys.

6. Thermal Conduction Paths

Each of the dafined regions on the board may exchange
energy with the adjacent regions via conduction through the
board itself and any thermally conductive material added to

the board such as electrical leads. In addition, many circuit
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board designs involve metal conduction rails that provide

both mechanical support and a method to transport the heat

from the componets. There are provisions in BOARDS to model
either the electrical leads or the conduction rails. For
circuit boards without conduction rails, the user specifies

the average lead width (mm), thickness and thermal conductivity
of the lead material. These gecmetric parameters are used

to determine the thermal resistance of a single lead connect-
ing the region centers or nodes.

When conduction rails are included on the circuit
board, the effects of the electrical leads are ignored. To
allow modeling of rails that may have different widths, the
concept of a conduction path unit (CPU) is introduced. A
CPU is defined to be .1 mm in width but the user specifies
the thickness and conductivity of the material. These para-
meters are used to determine the thermal resistance of a
single CPU connecting the region centers.

With the thermal resistance of single CPU or elec-
trical lead determined, the user need only specify the number
of such resistances that connect the circuit board regions.
For example, if a conduction rail is 5.8 mm in width, it may
be modeled as containing 58 CPUs. While the concept of
CPUs is totally artificial, this concept does allow modeling
of the Navy Standard Electronic Module (SEM) and Improved
Standard Electronic Module (ISEM) for those situations when
these modules are used in forced air cooled systems.
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With the physical description of the circuit board

now complete, the user may elect to produce a picture of

the circuit board from a dump of the graphics to the internal
printer. Pressing special function Key 3 will produce a
picture such as Figure 6. This picture may be used as a
final verification of the validity of the circuit board
description that has been entered. The remaining descrip-
tive data to be entered concerns the component parameters.

7. Temperature or Power Input

The user must specify either the average power to be
dissipated in each component or the maximum junction tempera-
ture. When power levels are specified, the steady state
junction temperatures will be calculated in THERML. When
junction temperatures are specified, the maximum allowable
component power levels will be calculated. In either case,
the user must also specify a case to junction thermal resis-
tance for each component. This is usually supplied by the
manufacturer and provides the means in the thermal model to
link the component power level and junction temperature to
the case surface temperature. Figure 7 shows the data
summary sheet provided after the data has been entered and
verified.

8. Storage of Data

Although it is possible to load THERML and perform

the thermal analysis directly since all data is passed
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through a common block, it is strongly urged that the circuit
board description be stored on mass storage. A few simple
answers allows the storage to tape or disk for retrieval at
a later time. This data file may be accessed, verified,
altered and recorded back to mass storage using BOARDS to
investigate the effects that changes in design have on the
temperatures or power levels obtained in THERML. Both
Appendix 1 and the program provide easy to follow instructions
for retrieval of previously recorded descriptive data files.
Totally under program control, the third major program
in the THERMELEX system, THERML will be loaded at the direction

of the user and execution started at the proper entry point.

D. THERML
1. General

Recall from the previous discussion that BOARDS es-
tablishes all the parameters that describe the circuit board.
While the major purpose of THERML is to analyze the thermal
performance, it must first establish the parameters that
describe how the circuit board is installed and cooled, such
as the spacing between boards, volumetric air flow per board
and inlet temperature of the cooling air. Using the total
set of board and installation parameters, the thermal model
is set up, solved and the results presented.

The approach taken in the thermal analysis is to

construct an approximate thermal network [7] for every path
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of heat transfer from the components and the circuit board.

The thermal resistance (R) for each path is calculated from
the set of parameters and if a temperature difference (AT)

for that path is known, the expression:

will determine the rate of heat transfer (Q) for that path.

When the rate of heat for a given path is known, the expression:
AT = (Q) x (R)

will determine the temperature difference.

An overall heat balance for the components and the
circuit board, with all the heat that is generated going into
the cooling air stream, is used to determine either the steady
state junction temperatures (when componenf power levels are
specified) or the component power levels (when the junction
temperatures are specified).

2. Air Flow - Thermal Model

The cooling air flow is assumed to come from an in-
finite heat sink which supplies air at a constant inlet
temperature. All the heat dissipated within the components
is assumed to enter the air stream with no heat conducted
into the card guides or electrical connectors. These guides
and the mechanical support sections of the connectors are
typically made of plastic with high resistance to heat
transfer and this assumption leads to conservative estimates.
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As the air travels from inlet to outlet, it is assumed

to remove heat from both the component surfaces and the surface
of the circuit board. It is further assumed to travel in air
lanes defined by the height of each region perpendicular to

air flow and not mix until the outlet. As the air removes

heat from each region, the local air temperature (Tair) will

increase. The process is described by the general equation:

Q added in A4X

- i + = i : '
Tair at X + AX = Tair at X + (Mair) x (Cpair)

where Mair = Mass flow rate of air [kg/sec]

Cpair = Heat capacity of air [J/kg-degk]

AX = length of a region in the air flow direction
This process results in the temperature of the cooling air
stream being modeled as a series of steps as the air travels
from inlet to outlet within an air flow lane. The local air
temperature and the convective resistance determine the local
convective heat transfer.

The air velocity is determined from the physical
description entered by the user and this air velocity is
used to determine the convective resistances. Recall that
circuit board spacing (2Zb), board height (Hb) and volumetric
air flow rate (Fair) are part of the descriptive data set
previously entered. With no components present, the air

velocity (Vair) would be defined by:

. air
vair = Fal

(Zb) x (HD)
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However, the components tend to reduce the air flow area
(Aair) by blockage. The average blockage area is determined
by calculating the average number of components in a vertical
column of regions perpendicular to the air flow. In addition,
the average width (Wavg) and height (Havg) of the components

is determined and the average air flow area calculated using:

Aair = (Zb) x {Hb) - (Navg) x (Havg) x (wavyg)

This area is used to determine the air velocity from:

Fair

Valr = =317

In addition the average area is used to determine the wetted
perimenter (Perim) of the air duct formed by the boards

according to:

Perim = 2Hb + 2Zb + 2 (Navg) x (Havg)

The hydraulic diameter (Dh) is therefore:

4 Aair

Dh = Perim

which is also used in calculations of some of the heat
transfer coefficients.

3. Components - Thermal Model

All heat generated within the components must be
transferred away through conduction to the board, radiation
to the board and to some radiation sink, and through con-
vection to the cooling air. Figure 8 shows each of the

thermal networks for heat transfer.
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DIP components are usually mounted by soldering the
electrical leads to the circuit board electrical conductors
(Figure 9). These connector pins also act as low resistance
thermal conductors between the component and the circuit
board. The total thermal resistance from the component to
the circuit board may be calculated from the cross sectional
area of each pin (Axpin), the length of the pin (Lpin), the
thermal conductivity of the pin material (Kpin) and the

number of pins (Npin) using the expression:

Lpin

RPIN = 1x5imy x (Apin) % (Npin)

There is also a small gap between the bottom of the
component case and the circuit board. Figure 9 shows the
mounting for DIP cases where this gap is on the order of
one mm; for chip carriers, this distance is smaller yet.

Due to the small distance (Dgap) involved, it is assumed
that no convection occurs in this gap and that the conduc-
tive resistance of the air gap (Rgap-cond) may be calculated

from the expression:

- = Dgap
Rgap-cond (Kair) x (Agap)

where Agap represents the surface area of the bottom of the
component and Kair represents the thermal conductivity of
the air.

The component case will also radiate energy to the

circuit board. Assuming the gap to act as two parallel
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plates of equal areas with emissivities of Epsb and Epse,

the heat transfer rate may be calculated (Ref [18) from:

Q = (Sig) x (Agap) x (Te4 -~ Tb4)
1 . 1 -1
Epsb’ Epse

where:

Sig = Stefan~Boltzman constant
8 Watts

(5.67 x 10~
m2 - degK4
Te = Component surface Temperature (degK)
Tb = Circuit board Temperature (degk)

This radiation term may be simplified by expanding (Te4 - Tb4)

in a Taylor series about Te and retaining only the linear

portion of the series. When this is done, an effective gap

radiation resistance (Rgap-rad) may be calculated from:

Epse + Epsb - (Epse) (Epsb)
(r) x (Sig) x (Epse) x (Epsb) x (Te3)

Rgap-rad =

Since the component case temperature (Te) is an unknown, this
resistance will be recalculated as the solution progresses.

These three resistances (Rpin, Rgap-cond, Rgap-rad)
may be combined into a total resistance between the component
and the circuit board (Rtote-b). When the component is a
chip carrier, the air gap and lead length are assumed to be
one-tenth that of the DIP case [13].

Although the radiation heat loss from the component
is extremely small and normally neglected in thermal analysis

of electronic circuit boards, it is included here for completeness.,
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The component will radiate to the other components and the
back of the adjacent circuit board. For the purposes of the
thermal model under discussion, it is assumed that radiation
is from the top of the component to the adjacent board and
that this adjacent board temperature is the same as the board
temperature below the component. It is further assumed that
the area of the circuit board is much greater than that of
the component. Using the same linearization technique pre-
viously discussed results in the expression:

1l - Epse
(4) x (Sig) x (Epse) x (Ae) X (Te3)

Rtop-r =

for the effective thermal resistance for radiation from the

top of the component to the adjacent circuit board.

Convection heat transfer to the air, the final heat
loss path from the component, depends on the heat transfer
coefficient and the area for that mode of heat transfer.

The component is assumed to experience two separate modes of
convection. Those portions of the component that are perpen-
dicular to the air stream are assumed to experience a stagna-
tion form of air flow while the top and sides see parallel
air flow. Recall that air flow is defined as being from left
to right as required for data entry in the BOARDS program.
When component types are entered as being horizontal or
vertical using the special function keys, the component
length (Le) and width (We) parameters are set such that Le

is along the air flow direction and We is perpendicular to
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the air flow. The standard correlation for plane stagnation

flow may be written as: Ref [19]

Vair )
) x (Gnu)

Hstag = (.57) x (Kair) x (pr-%) x (Twe

where Hstag = Heat transfer coefficient for areas receiving
stagnation air flow
Pr = Prandtl number for air
Gnu = Kinematic viscosity for air
"sing the component height (He), the area for stagnation heat

flow ...stag) may be calculated from:
Astag = (2) x (We) x (He)

The portions of the component that are parallel to
the air flow (top and sides) are assumed to experience the
same heat transfer coefficient that would occur in a smooth
duct modified by a roughness factor (Fr) to account for the
presence of the components acting to increase this heat
transfer coefficient (Hpara). Hpara depends on the Reynolds

number (Re) determined by:

(Vvair) x (Dh)

Re = Gnu

In the entrance region of the duct formed by the circuit
boards, up to a distance of approximately ten hydraulic
diameters, the flow is assumed to be laminar. Reference [20]

contains the following correlation for the heat transfer
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coefficient in the entrance region of a smooth duct:

]

(BZ)%
{(.664) x (Kair) L (Gz) x (1+(7.3) x ‘Gz
(1.1} x (Dh) Pr

Hduct =

where Gz is the Graetz number defined as:

(Re) x (Pr) x (2h)

Gz = X1

and Xi is the distance from the entrance of the cooling air

flow.
The value of the heat transfer coefficient predicted

from the above equation has been found to be low from compari-

sons to experimental data of Ref [12] and Ref [14]. The
expression:
Fro= 1 + 5 x (Perim - (2) x.(Bdh) - {2) x {Zb))
Perim

has been created to adjust the predicted heat transfer co-
efficient for the rough duct. The expression reduces to one
when no components are present and is less than two for all

reasonable board constructions. The resulting heat transfer

coefficient that is used for the parallel sides (Hpara) is

therefore:

Hpara = (Hduct) x (Fr)

For positions beyond the entrance length the flow
may be laminar or turbulent and the appropriate heat transfer
correlation must be chosen. The transition from laminar to

turbulent is assumed to occur at a Reynolds number of 1000
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since the components act as turbulence promoters for the

air flow. For laminar flow, the expression:

(5.4) x (Kair)

Hduct = oh

is used and the result modified with the roughness factor
(Fr) to obtain Hpara. For turbulent flow the Dittus-Boelter
relationship is used:

(.023) x (Re'®) x (pr'Y) x (Kair)

Dh

Hpara =

Heat is convected not only off the top and sides of
the components but also from the surface of the leads or
pins. Since the thermal conductivity of the pin material
is so high, their surface is assumed to have the same temper-
atures as the surface of the component. The effective com-
ponent parallel side area for heat transfer is, therefore,

determined from:
Apara = (Le) x (We) + 2(Le) x (He) + (Aspin) x (Npin)

where Aspin is the surface area of the pins that experience
parallel air flow. The thermal resistances for convection

from the component may then be calculated from:

1

(Hpara) x (Apara) and,

Rpara =

1
(Hstag) x (Astag)

Rstag =
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These two resistances may then be combined as parallel re-
sistances to give a total convective thermal resistance from

the component to the air (Re-conv) of

(Rpara) x (Rstag)
(Rpara) + (Rstag)

Re-conv =

Returning now to the basic premise that all the heat
produced within the component must be transferred through one
of the heat paths illustrated in Figure 8, the heat balance

equation for the Ith component is:
Pow (I) = Qto board + Qto air + Qrad off top

utilizing the general expression for heat flow as a function

of temperature difference. This may be expressed as:

_ Te(I) - Tb(I).+ Te(I) - Tair(I)
RToTe~b (I) Re-conv (I)

Pow (I)

+ Te(I) - Tb(I)
Rtop -~ R(I)

This expression may be rearranged and solved for the compo-
nent temperature (Te). The resulting expression is used to
eliminate Te from the final set of equations that are solved
for the set of board temperatures.

4. The Circuit Board - Thermal Model

The circuit board has been divided into regions as
determined by the user while entering the circuit board
description in program BOARDS. Each of the regions will

lose or gain heat by the normal processes of conduction, !
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convection and radiation. In this thermal model, radiation

from the circuit board regions is neglected dué to the lower
temperatures of the circuit boards. The board temperature
(Tb) is assumed to be uniform within a given region for
purposes of convective heat transfer to the cooling air
stream. For purposes of calculating the heat conducted
between regions, the temperature differgnées are assumed to
exist over the distance between the cenéers of the regions.
These region centers are the nodes ;n the finite difference
model used to analyze the circuit,bbard.
y

The surface of the board forms part of the air duct
previously mentioned in the diséussion concerning the calcu-
lation of the convective heat transfer coefficient from the
parallel sides of the components (Hpara). The heat transfer
coefficient of the board varies with distance from the air
centered in the regions, the convective heat transfer co-
efficient for the board (Hb) is assumed to be equal to Hpara.
The area for heat transfer from each region (Areg) includes
both sides but excludes any area under the component (Ae)
since the air is assumed not to flow in the small gap between
the component and the circuit board. The area (Areg) is cal-

culated from the equation:

(2) x (Bdl) x (Bdh)

Areg = Nreg - Ae
where Bdl = Length of circuit board
Bdh = Height of circuit board
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The convective resistance from the circuit board region

(Rb-conv) is therefore:

1

Rb-conv = mpy— (Areg)

The conduction of heat within the circuit board
material and any added conductive material is assumed to
occur between the nodes located at the centers of each
region. For a given region, this heat flow is assumed to
occur only out the four sides of the region. The distance
between nodes in the horizontal or air flow direction (Lr)
is calculated ffom the circuit board length (Bdl) and the
number of regions in the horizontal direction (Nxr). The

expression used is:

_ Bdl
Lr = ¢
Likewise, the vertical spacing between nodes (Hr) is calcu-

lated as:

_ Bdh
Hr = ﬁ;;
These distances are used with the circuit board thickness
(Thb) and the circuit board material thermal conductivity

(kb) to determine the base board conductive resistances in

both the vertical (Rb-ver) and horizontal direction (Rb-hor).

The expressions used are:

Hr
(kb) x (Lr) x (Thb)

Rb-ver =
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and

Lr

Rb-hor = ey (ThE)

The conductive resistances in the material added to
the circuit board is treated in the same manner since these
materials are also assumed to connect the nodes. The con-
ductivity of the material (kl) and physical area (al) have
been specified for either a conduction path unit (CPU) or

electrical lead. These are used in the expressions:

_ Hr
Rl-ver = &I % (A0
and

_ Lr
Rl-hor = ey &)

to determine the thermal resistance for conduction in a
single conduction path. This resistance is divided by the
number of such paths to determine the total conductive re-
sistance of the material added to the circuit board.

This resistance is assumed to be in parallel with
the conductive thermal resistance of the bare circuit board
and a net conductive thermal resistance is calculated for
each of the four directions using a normal product-over-sum
formula for parallel resistances. Figure 10 shows how a
typical region would thus be connected to the four adjacent
regions. The values of these conductive thermal resistances
are stored in a two dimensional array, Rl (I,J), where the
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first index represents the region number and the second index

is the direction number (1, 2, 3, 4). These numbers represent
bottom, right side, top, and left side, respectively. For
example, Figure 10 shows how Rl (I,2) connects region number I
and region number I + 1. For those regions on the edges of
the circuit board, the conductive thermal resistance in the
direction off the board are set to very high value due to the
assumed adiabatic boundary conditions for all edges. The set
of conductive thermal resistances, Rl (I,J). is used in the
heat balance for the circuit board.

With the component treated as the source of heat for
the circuit board. one may again apply a simple heat balance

for a region as follows:
Qe-b = Qconv + Ql + Q2 + Q3 + Q4

where Qconv represents the heat transfer to the cooling air
and Ql through Q4 represent the heat conducted to the adja-
cent regions as shown in Figure 10. This expression may be

written for Region I as:

Te(I) - Tb(I) _ Tb(I) - Tair(I) _ Tb(I) - Tb(I + Nxr)
Rtota=-b Rb-conv R1(I,1)

Tb(I) - Tb(I-Nxr)
R1(I,3)

Tb(I) - Th(I + 1)

* (RL(I,2)

+

Tb(I) - Tb(I-j)
R1(I,4)

+

As previously stated, the heat balance equation for the component
derived in Section 3 may be solved for Te(I) and that expression
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used to eliminate Te(I) from the equation above. The only
unknowns will then be the board temperatures. A heat balance
for every region may be performed resulting in Nreg simultan-
eous algebraic equations. The coefficients of these equations
may then be collected into a matrix and solved using an LU
decomposition method ([21].

5. The Analysis

In performing the thermal analysis of the circuit
board, there are two separate situations to be considered:

1. Specified component power - determine steady state
junction temperature; 2. Specified junction temperature -
determine the maximum power allowable. For the first situa-
tion a case temperature (Te) is assumed for each compcnent
since this is necessary to determine the effective radiation
resistances. All thermal resistances and the local air
temperatures are then calculated using the given variables.
The resulting system of Nreg simultaneous equations is solved
using LU decomposition for the temperature of each region of
the circuit board Tb.

This set of board region temperatures is used to
determine the set of component case temperatures using the
expression for Te determined from the heat balance of the
component. These component temperatures are compared to
those from the previous iteration. If the largest difference
between any of the temperatures is less than the convergence

criterion established by the user (default .1 degC), the
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results are presented in the graphics mode on a fascimile
of the circuit board as shown in Figure 11.

In the display of the circuit board, each region
contains the component type, junction temperature, power
level and case temperature for the component in that region.
Empty regions contain only the temperature of the circuit
board. Those junction temperatures that are within 5% of
the maximum are starred (**) for easy reference. This output
is dumped to the internal thermal printer to provide a hard
copy.

If convergence has not been reached, the new case
temperature is used to calculate new radiation thermal re-
sistances and the new system of equations solved. Figure 12
shows the intermediate display of all temperatures that is
presented on the screen while the next iteration is in
progress. If longer than 20 lines, the maximum display area
for output on the screen, this display may be moved up or
down with the display control keys at the center top of the
keyboard (see Figure 2). Convergence typically occurs in
less than four iterations when solving for component junction
temperatures.

For the second situation with specified junction
temperatures (Tj), a power level of .25 watts is assumed for
each component. The component case temperature may then be

determined from the expression:

Te = T§ - oo

Ri-c




where Rj-c¢ represents the case to junction thermal resis-
tance set by the user. As in the first situation, all the
thermal resistances and th; local air temperatures (Tair)
are calculated. It is important to note that Tair depends
on the assumed power levels since these values will change
with each iteration. The resulting system of simultaneous
equations is again solved for the board region temperatures
and the component case temperatures. The resulting compo-
nent power levels for each region are determined from the

expression :

Te - Tb

Pow = Rtote-b

This component power level for each component is compared to
the results of the previous iteration or the assumed values
for the first iteration. Convergence is assumed when the
largest percentage difference from these comparisons is

less than the convergence criterion established by the user

(Default 1%).

The output is presented in the same manner as before
except those power levels within 5% of the minimum are
starred (**) in this situation (Fig. 13). Since both the

radiation thermal resistances and local air temperatures

depend on the power levels, more iterations are required
before convergence is reached. Typically less than six are

sufficient.
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6. What Now Option List

Following a complete cycle through THERML, there are
several options available to the user. A different circuit
board may be analyzed either by entering the descriptive data
set from the keyboard or by retrieval from mass storage. The
previously recorded data set may be read in using THERML with
no data checking capabilities or BOARDS may be loaded under
program control to allow data checking or changes to the
circuit board.

In addition the same circuit board may be reanalyzed
with a new set of installation parameters, i.e., bcard spacing,
inlet air temperature and volumetric air flow rate per board.

7. Sensitivity Analysis

Another option available allows the user to investi-
gate the effects of various air flow rates. The user specifies
a maximum air flow rate and five separate analyses are performed
for each of five air flow rates up to the maximum specified.
Figure 14 shows how the results of this sensitivity analysis
are presented for the situation of specified power levels
while Figure 15 is an output for the second situation of
specified junction temperatures. The outputs from each
analysis such as Figures 1l and 13 are not presented during
the sensitivity analysis since the graphics mode is used but
an output such as Figure 12 may be presented on the thermal
printer if records of individual components are needed for

each of the separate air flow rates.
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A final option available to the user is termination.
It is important to terminate the THERMELEX system under
program control to insure normal key definitions are returned

and graphics parameters correctly assigned.
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III. RESULTS AND CONCLUSIONS

The THERMELEX system offers the designer of electronic
circuit boards the means to predict the thermal performance
of air cooled circuit boards and avoid the problems that
often surface only after the equipment is in use. The
system is easy to use yet provides valuable data in a
variety of formats that can help the designer to make im-
portant design decisions regarding circuit board layout and’/or
cooling air flow parameters.

The THERMELEX system has been tested with a wide variety
of circuit boards to insure that various combinations of the
possible components and empty regions will create valid
descriptive data sets and reasonable results. In all test
cases the results have been satisfactory when compared to
expected results. Tor example, higher component power
levels result in higher junction temperatures and decreasing
air flow produces higher temperatures with all else the same.
Several tests were made that used the results of a power
level prediction as input to the same circuit board to
insure that predicted junction temperatures were the same
as those specified for the original test.

In addition to the above tests for general validity,

direct comparisons to experimentally determined component
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case temperatures reported in reference (14) were made.

The circuit board consisted of 25 equally spaced 14 pin DIPs
and is depicted 1n Figure 6. Three different air flow rates
and four different component power levels were used. The
results of these experiments are shown in Figure 16. These

same flow rates and power levels were used as inputs for

THERMELEX and the predicted maximum case temperatures are
also included in Figure 16. At the lower pcocwer levels, the
agreement with the experimental results is encouraging but
for the higher power levels there are significant differences.
In particular, the predicted maximum case surface temperature

shows a much stronger dependence on the air flow rate than

the experimental results would indicate. It is believed
that several effects neglected in the the thermal model
become significant for low flow rates and higher component
power levels. For low air flow rates, the effects of natural
convection heat removal become more important, thus decreas-
ing the actual surface temperature. In addition, at higher
temperatures, the conduction into the electrical connectors
and mechanical supports will also tend to hold the surface
temperatures lower for the experimental results. Further
work is needed to resolve the differences between the
experimental results and those predicted by THERMELEX.
Particular attention towards refinement of the thermal model

is required.
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IV. RECOMMENDATIONS FOR FUTURE WORK

While the present version of THERMELEX can be a valuable
tool for predicting thermal performance of electronic circuit
boards, improvements and refinements would be useful in
several areas. The first recommendation would be for more
experimental verification with particular emphasis towards
developing better empirical heat transfer relationships for
use in the present thermal model. The thermal model should

also be expanded to include both the effects of natural con-

vection and boundary conditions other than adiakatic. In
particular the user should be able to specify a constant
temperature for one or more of the physical circuit board
boundaries. This would allow the modeling of installations
that include metal card guides or cold plates.

The present model does not include the interaction that
can occur between circuit boards mounted closely together.
These effects could be included in the radiation sink
temperatures "seen" by a board or included as effects on the
local air temperature for the bottom and top of the circuit
board.

Additional improvements could also be made in order to
increase the number of circuit board designs that may be
analyzed with THERMELEX. The limited set of components
could be increased to include DIPs with different numbers
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of pins and other flat pack case styles. Discrete components

such as resistors, capacitors and switches are also able to

transfer hea: to the air stream and could also be included.
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450 FRINT FEV b1 will dizplay pronted cutput, CENIT GRRFHICE
450 FRINT KEY “kZ™ will dizplas plortred autput, VGFRAFHIID

479 PRINT EEY “k3  wn )] prast cope of platted autout, DURFE GEFAFRIIE
4€9 PRINT ~ KEY k4’ w1 Zisabile 1ntseral orinter, VPRINTEFR I3 o1e
499 DIZF “Freszs CONT WAESH FEADS FIOF MOFE = FLAELATIONI

sa9 PRUSE

S14a FRINT * VEY “kS will zmable anmrternal wriyncse, (FRINTER It o
Sen FRINT " KEY "Eeg  will rewurnd Teft harnd ¢ aps, (PEUIND 1T14 '
524 FRINT " KEY K7 w1l rewind right mand taps. CREMIND TS
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AUTAST ., DRIVER FOF THEFMELE.

FRINT ™ FEY ORI wr bl oarnswer vzl

PRINT KEY "K19 will answer Ho."

PRINT LINCZ?

PRINT "ln geméral when aniuezring quest ons or selel’ing an aption
Ny "

PRINT “"with no 2ther 2ntry will asszign 21ther the 3zfzult or tha o
nt

PRIMT "parentreiss "the first option in ths 113t 33 vhe Jezirsd o

PRIMT LINCL

PRIMTER IS 12

GOSUER Duselan

IF Anzf="ERCH _JP" THEH I:i4

DISP "LOADING + Ev DEFFIMITICNE®

IFf Map=2 THEN LIRD rhEV “BLILEVT

WARIT
GOT =
Qptaor

1909

B

Error
TE=MAIN

Tlone

FEOSFAN LF

OH ERPOF 50TO Optronsze

GO3UE Pagehsad

PRINT The THEFMELEN p. agram oaci ags cinzrit: of three major =
ot

PRINT "which 12 irn 20rs now providing thezs tnstral?rons, The o h
alled”

PRINT "SORSTY and THESML, Foth bavse ths capabrinr 12 read 10
data”

PRINT "“from 3 Mazz Ttorage

PRINT "Cg) Imput crroudt oo

PRINT "y Allaw 1

PRIKHT "d¢o fMaks g

PRINT “"79gy Record A< ..

FRIMY LIto1o, "THEFNML » therma’ arnalvzi: o oand Sutput of

PRINT LIt 1o, " OUR QFTIOND SFEL "L

PRINT t. LOAD EORRDS TO IhFUT DEICFIETION FROM '

PRINT LINC1U,5PAVZO Y, "2, LOFD BOERLE TO FESD DELCFDH MR

PRINT LiNey 2P 9, "3. LOAD THERML T SZAD Fr NAI:

WITH INMEDIATE rmrals

FRINT LINMCQ  3FAL IO, "4, COPY ALL FROGFAN:

Ars$="1"

THRPUT "wauP CHOICE ™ 71,2, 3.40",Ans?

IF ArzE="BACY_UF"

St ar

THEH

Anz=[HT vAL Anz

IF <Ans™H" BHD
GOIUE Erran

GUTY dption:

CHrz- S

THEH 2323

IF Anz=1 THEH
IF Arz=2 THEH
OM Anz GOSUE neThermly Sapes
GOTY dption:
Gen: QISP “LOADING GEHEFARL LIFCLIT BOAFD FEOGRAN
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Theral sDIEF
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AUTL3T .

DF1ER FOF THEF

1030 CopyeiGOSUR Errar

1040 Copeer 1 THIYG
1958 O ERFLRE SOTHO
THERIELE.: FRIOGFAMS
1070 GOSWE Pagendad

1029 PRINT ™ Tha

1080 Ss="C0PYING

storage”
1830 PRINT
nttralized,
1199 PRPINT "I
ae all"

111@ PRINT “"¢rilzz

ERMELE!"
1120 PRINT "zr v
a medirum”

theen the uds of ptian & e )

"

SECTION FOR FRAGFAM REPRQTLICTIC

Canoe

sectiromn allon: easy rgor i dus

-
DO

anather, Thée masz s3torage

the med ' um 1ntenZéd as the Js:ztan

rzauirées dnlo apgro-oymar o ©080

1122 FRINT "rhat riad Iirtatm: filEz ot ofe e
tow"

1148 PRINT ":zuffrcrent zpacse for the Jata rilas

criptions.

1193 PRINT "Oprion ¢ 0011 regord 1n *he ara:lan!
ecommends 3"

118 PRINT ‘rirvar WAEE OET I 33E omEZra bl
1173 FRINT LINd} Py Lot AREDM

1130 FPRINT ¢ Lo COFY ALL ~RIOGRANT

1192 FRINT LN L) 3P 20, "2, LR

1200 Armzg="1"
1210 InFLT
1229 IF Anzs=

CROGICE F80m ARIVE 1 ar 200 Prcf

JF 0 THEN Iprroe:

1230 Ans=InT AL Ar:s

1249 IF (Armz=1:
1294 GOSUE Errn
1260 GOTO Zope
270 AmzE=ltz.,
1233 EDIT "WHAT
SETCO" JANns§

1230 [F Anz§="ERCH
1300 IF Arzsrll, 1]

1310 Msuz18=Anse
1320 Rnss=":1T14"
1339 EDIT “UWHAT
FS,ETCY>" ., Anz¥

(Hnz=2 0 THEM 1270

23 STORAGE DELICE COHTAINT THE

UF " THEM Capo
"y THEM Mrz¥="1"IAn:zS

23 STOFRAGE DEYICE QONTAING THE

1343 IF Arnzf="E3cy UR" THEN Lopy

1253 IF AmzsCl, 1]
Mauz1§ THEM 1454

1369 IF An:zg
1379 BEEF

1259 FPRINT FRIE,LIH!
1330 PRINT SFR L, "TFY

1400 UWAIT 2094

1410 EBEEF
1420 WARIT 1920
1430 BEEFP

1449 GOTO Lopy
145@ Mzuzlf=RAnz$
1453 IF Anz=
1470 BEEP

Tt THEN Anaf="iVwAn:

30, CHMOL CDF

THEM Copr2

1480 PRINT FRSE.LIM 190, TRE 1S,

1490 PRINT
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RUTIST ..,

1510 PRINT

1920 PRINT TAELLS . ,"THIZ

1539 FRINT Uitz ,Thf 1S

1540 FRINT LINCI, IFA 100
19550 FRINT LINCLY, 3FA Iy

1560 URIT 290

$T9 EEEP

15303 INPUT Ar:zs

1530 IF AnzE=s"EBACr LR TH

{600
1610
1629

INITIALIZE Mzuzl$
IF Mz,

1632 DIsP v, g
1€40 CREATE "DUMNY
165R CRENTE “ENDTFA".

1659
1570

PURGE
Copur2i:

AR (1N AT WA L B
IN THIZ

EC

1£29 RESTOFE 1792
1630 FGR I=1 T2 8

1709
1719
1729
1739
1749

REnD
CoPY

Nawd
HamfoiMiuzll
DISF "CORYIHG "itHats
WALIT 1539

HENT 1

1756 DATH BDSxEY,3TDEV. D
1788 RETURN

1770t
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{789 Serstoe!GOSUR Errar
17298 3Serstolt THIG FECTIZ
1300 U NAST STRORG
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1899 Ans$=":T1S"

1999 EDIT “"CHANGE OF ENTER BELOH

1910
1920
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> THEN
1940

Anz §=ilFCF ANz §
IF Ansslt, 13
IF CAnzs(Z,2)="F"

1379
EEEP
GOEUB Errin
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Do Do
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RETURN

990 Qugraus !
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AUTOIT ,, DRIVER FOF TmERMELE ! R

2039 IF (LFCE AnzE =N OF CSnzF=TDadh R THE v FETURY
2040 FFINTER 135 9 j
2USQ FRINT 2FA« 1Sy, 'TERR IFF FIF SEHERR_ PUFF- TIDE LUEPLAY C LIMNG
295Q FRINT “jEack _up| E.IT | ENTEF LIFFT I: ! REWND | FEUND |
PLALE "
2078 FRINT "] Lar  [SRAFHIC|GRRFHIC|CRAFHIC | 15| 3 (RTINS S
HEDVE +EVS” .
2030 PFINT "TEAR HERE ==-mm-cmmmoom e memmeen THEN FFET: CONT ---"
2090 PRINT LIn. 1o
2193 FAUZE
2118 PRINT "1 v | | | | | eviT | wES | w0 {
PLACE"
2129 PRINT “} | I ] | | LINE | | |
BELQM KE. 3"
2130 FRINT LIn. 2.
2149 FRINTEF 1: 12
2159 RETUFYN ' EMD OF Qweria

2150 !

2170 Pageheazi ! THID TEITION PLACED ZEIIRED MESIINWI Tn & Zosta CRY
2129 PRINT FASE, TRECIG-LINCIE 2. Mee “yimFPE 12200380 0RFF 1220 ==, LI 20

2198 RETUFRH
2230 Erranit TSI LECTION ALERT
2219 EEEF

- THE IMER T A STTEMRY T3 OINFOT INSARLID IRTH

REEF

RETURH VEND OF Errn
Error: !

FPRINTER 13 18

PRINT LINai0, TRZ 20 "ESFOR HIUNEER “TEFFy "Hat LRET I LIME TIERSL

DIzPp “"FREZ- IHTIAUE WmEy FERDY T2 FEZUME SFOGRAM Tl Inw

FRUSE

1

Pagecert ! THIZ SEITION EFESH
DISE "Przzz LONT o

PRINT LIt

PRAUIE

RETLEN

)

2419 Pagepreti! THIS
2426 PRINT LINCE)ank
24738 PRINT TRZ: 35 -,
2448 FRINT LD, "

THE INSTRUCTINNG 1472 SRCET FIR THE 0FT

Al

OO OO D IO DS

RN RPODPRNNPD R RN T RS
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WD YT U de WO B e D N 0T,

n
»H
o
[\ O O

O
m
e

ECTI N EFERKT THE FRINTED THITRJCTIOND InTD A&

R TR
¥

iR agernun

2450 IF Fagerum:S THEN FETURHN

460 PRINT LIN 40 (THEIT-LENCSE - o CHFPE LD 38 IHRE (2T 0 TRE TS 0" P g, "t Pagsnu

w1, LIHCZS
2470 RETUFH

24293 !

2438 Inste 5037 Error

2526 lrzvi! THIZ ZECTION FFEFARED A 3ET OF WRITTEN INFTRUSTIONG FOF ThE LIES
2510 OH ERFOF S0TH Teztg

2529 SE="INETRLLTIANG FOR LSE 0OF THEFHMELE ™

25%9 GO3UE Pagehead

2540 FFINT © A wratten 38t 09 1mitructiani Ca0 De prdspaxred for the u3iss thao
wil) helgp”
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RAUTQLT ., UFIVEF FOF THERMELE'

2550 PRINT “"one to becos famil:ar with the THEFNELED : zrem without actwually us
vng the "

25E0 PRINMT “rhe computer, Theiz are intgnded to cnly supplament the &' of dire
ctions”

2570 FRINT "grosr duriag ths ¢ scution of the zoztew of prograni,  Thnezd r1ritruc
tions will™

2530 FRINT "nornally be prezentsd on the acresn but 1 f vou d2zire a hard cope 0F
the"

2598 PRINT "yrzrructronz, ENMTER YFET rathsr than 70"

2639 Ans§="HY

2612 INPUT D0 vy DESIFE FRIATED IHSTRUCTIOM: H or ¥V OF TPRT DM, Anzd

2629 IF Anzs="ERCk_UFE" THEN FETJFN

2630 IF CUFCE ArzECl, ] =¢"0 QF UPISCAmzE =" 0 THEN L4

2640 GISUE Erran

2699 G070 [nzt

€60 IF URCE Anmzf ="M THEN FETLFH

2670 PRINTER 13 1%

2639 FRINT PRGE

2698 [F UPCECAnzElL, 21 v VP THEN PFRINTER 1% &

2780 P=is

2710 1F UFIS<ANnz301,23 VR THEN P=0

P20 PRINT LInud TR T~LEN 2 oy tew ylmEEOLIT R SRS 4 K-
2730 PRINT ¢ The THEFRMELE D 2 :rem 313 @=z:3néd o pértIira thermal aral 21z f
arr cooled®

2743 PRINT "electror: carcurt boards. The = Fr2 3f vhres major prooor
amz 1"

2750 PRINT

27 FPRIMT Lityn 1, THE LT "1, Dryeer and 3eztan 3

2772 PRINT LIN 1, TRE 17T+, "2, Irput ard recaor3ing

2720 PRINT LI 1o THECLT "2, Aralez1z and cutput P,

2798 FRINT LIhein

2809 PRINT “Tre A2TIiT program c:tabitzhes zpssral ke 29ffinrtion: ard adt: 3

$ the driver"

2818 PRINT "far the avther prograni o1than the TREFMELE? zoztem.  The ke Jesrom
tions ar2

2820 PRINT "waltd theoughour trs w3 b grtEr o3 the pecifc compor
ent tupe"

2828 PRINT "oods: Juring & .zoutraon N

2849 Elank =0

<8%Hy IF F=1r5 THEM CO3UE Fagecrt

2859 PRINT

2570 FRINT » Thiz driver program i3 sntersd bu plaiing the tape 1n The prinar
y tape"

2980 PRINT “"tranzport <1715 at she raight 3132 aboos the zgpecral ksoz.  YIu Then
s, LINCL)

2330 PRINT TAEBOLW. ,"TWFE: LOAD “jCHRE 234 "RUTD3TITIS 1 IRSE 2400, Tren Fre
s EXECUTE "

2309 PRINT

2918 FRINT "1f rthe 224SA 12 off, the driver maw be lozassd b anzerting e tans
in 1T1S,"

2920 PRINT "latching tae AUTO 2T bey tn the dour pozitron, and turrang the poost
on, "

2930 PRINT "In sither caze ths firzt quasztion wi1ll bs concgsning the locatron Of

the "

2948 FRINT "TRESMELE. s3vitem. The pragran will tonvert the default nasz 3rIeags
device”
2952 PRINT "to what €oer deuvics contaltmE the 2.03° 2, 1v 1z mpartant 1o omot Cha
nge this"
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2350 FRINT “wrd
or CRT anag”

2370 PRINT
itions"”

2988 FRIMT "that
Tevt-Fackard"

2990 FRINT "rparey & T120-2124: which maw bs f11led 1n using the pagss 2.2r!ao 33
a guirde.,”

3000 FRINT “The grher progran: ars ertered fron thmg cpt o zelecrion i1z Meruo
in AUTOST."

3610 FRINT "Mormally BORFDY 1z re ot loaded to allow ths 1rput of circutt noard
descriptive"

3920 FRINT “"data £rom the keyoboard, The ymztrultions *vart £o1 00w appl v thisg

optian,”

3933 PRINT

3048 Blanks=

3050 IF F=1& THEM SUSUE Fagecrt

3060 PRINT * Tre uzer :hould haws either *hs coircul® board or a falzinils aca
11able”

3070 PRINT "uhils ke 13 uzing rre B0ARDT praaras,  Orrest the Doard zuch that
the cooling® - i

3038 PRINT “air flow 12 fram ths left to the rignt, Mz zzurs the langsb @ 2zfi1rass
in the air"

3939 PRINT “flow dirsctians, width znd thickrez: of the coriatt board i sl ms
ters C(mm), "

3180 PRINT "It 1z mecezzar: to 21uids ths board rmra 20 4r)  20&aded 1433 rmar rsg
ions in both"

2118 PRINT "horizontal and wsrtassl directions, The csmtar:z of sacn oF *heis 4
gions will!

2120 PRINT "form - s of a fimite differencs 3e13 c ke uzsd 10 the cheraal
analuziz"”

3130 PRINT "of the slactronic crrount board,  THe 1mazirnar: 11nez *hat ars Srest

«d divide"

3148 PRINT "the circutt board 1nta regrors that will 21 her Se Sapt o1l ozon

tain one"

3138 PRINT "sompornsnt. Al 2 csprian to thiz ruls 13 the case of 23 pim 1P 3 wn
1och Socups”

3160 FRINT "tuo rz2gions due ta thair lTarges z1ze.  AnM attsap® LI apprs Yhate TeE

real circutt"”

3170 PRINT “board with a model requires zoms Flexibilits a3 1magirmar ton at a3
point., "

3159 PRINT

3138 PRINT ¢ The tneraal mads) wizd far shs saalezt: wrll o assune that 2ain 1o

mponent 13"

3209 PRINT "czntered in the region,  Ths folloinng compInsnts Can e 1nc).deds

3219 PRINT

3220 PRINT © DIFS (harizaonmtal or usrtigal), CHIP CHRFFIEFZ

3230 PRINT " 14,18,24,39 pains 15,24,40,53 minz”

3249 PRINT

3250 Pagsnum=1

3260 Blanks=4

3270 IF P=0 THEN pee

3230 [F F=16 THEN : agelrt

3238 PRINT "Ths linotation: impozed b rezteicting *he corponents 0 the lize at

ove will "

33060 FRINT "prevent zome cirouit bosrd:s from bsing precizslo sodelsd witemg THERN

ELEY but "

3313 PRINT "ars recezzar: *0 procads for the zinple irpur of the dezsriptiog Jxe
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RUTOSY .

LFEIVER FOF THEFRMELE:,

3320 PRINT
3339 PRINT
rameter y:z"

When ZOARDS b 3

3340 PRIMNT "azsygned which Cauzes
for the"

3359 PRINT "geomsterc paranstse:z Q

O enter the!

3350 PRINT
he numter®
3378 PRINT
keyvsg”
3339 PRINT "followmed by
trom of ths"

3330 PRINT "zcorsen
atly belouw”
3480 PRINT
Key and"

"tength of tha board 1a

“rpad at ths far raight o

the CONT
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Iprion %t
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s keyboard ar ot

=
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es. Thiz"
3540 FRINT
yut it may"”
3550 PRINT
ing."

3TED PRINT "ht wil)l rsturn
357@ IF F=0 THEN FPFINT
3533 PRINT The
of each of"
3590 PRINT "ths
use the °

"wrztgrs o1l oremain on
"be returned to thg 3o
the :cr
Fpeat al
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th
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3600 FPRIMT "Back=up optionm b3y if the board o
rlay will”

2610 FRINT "be provided ¢ rnecezzars amd nasz?
y on the'

3€62Q PRINT "t evboard, The kepz dsfinmsd 1 thn
t3 and writr”

3630 PRINT "a'low the 2irdin to rematn 1n ths
e definedg,”

2640 PRINT & flazhimg Crozz wnl] nave ' 2ach

a valid”
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whe CoOMT

3410 PRINT “coheck the va'uss anm the zoresn, I£ 3 mizrzd s 12 made press MO oand
the pragram”

3420 PRINT a1 azh *hs Jueztion agdain, RAitsr the length, heighrt, thilhrgssz, o
onductiuvity, "

3429 PRINT "nunber of regionz or the “X7 direcrran and the number oF regranz n
the 'Y " "

33442 FPINT "drreztion have Sgsm entared, thr prigran 90110 ask foroa shone M
than Sg

3453 PRINT ":haracrers’ Thiz: title will af tvg 3
ats set for®

3480 FRINT 'eorz zorcwrs Doard znd will e o wEEl ot adantid Tl & amh
ples arel"

3470 PRINT

3430 PRINT SPACS, "TEZT BIAFD FIA PRICEIT LHMRT FRATE r LEILRIFTIVE TITLE
#1234.9A .

3433 Elank:

3599 IF P=13 THEM GUIUE Fageare

3510 [F F=9 THEM FOINT

352Q PRINT -~ The z2creasn will now sMift fron the alpra Los 2 the Jrapnici: mg
de and drauv"
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1 AUTQST .. TPIYER FoR THEFNELE!.

3559 PRINT “"hev 1o be pra:zzed. Every ragion must be 2:fi1nsd gven 1f empto. It
is "

3550 PRINT "rmpoartant to wilt for the cursdr to mave w0 the ne t gnpty red'an be
fore key:z"

3670 PPINT "are preszzzd, The 2ach—up aption wil) HOT zrd whtte Zefiming comp

onents but’

3538 PRINT "there will be an oppaortunity to make correcticon: 1n the né-t F€Ct1In
"

3639 PRIMT "tiken all regizng hav2 besn Jsfined, the zcrein w1l return to the al
pha mode to"

3700 PRINT "azk 1§ there are any correctionis, At thi: piint k& will return the
graphics”

3210 PRINT "to the scrssn and k! will return the alpha nods to the scresn.”

3728 Blank:=y

3730 IF P=lc THEN GOIUER Fagecrt

3740 PRINT

3750 PRINT "To wake corrzcticns, the numbers of ALL 1ncor-2ct redtani arg £nteé
red and the" -

3750 FRINT “conponent: erazed, Hhern theres ars no aors * o Bs renaced, 1rg
CONT with"

3770 FRINT "ro entry wall allow 311 e2mpty regirons to b

rozs will®

3780 PRINT "vrzit 2ach 2npty region follawsd bue furthsr Zorrsction sppoertuntt i
s needed."

3790 FRINT "“Urer the board 13 correct, th: general gurptzs g 2eéfinivion
returnsl”

380D PRINT "ard the normal key code owerlay shculd be rep!
3310 PRINT

3320 Pagenun=2

3320 Blanks=11

3240 IF P=3 THEN SJI3UE Pagepre

3359 PRINT DIF caompansnts gqenerally are producsd = tus Jifferent cas
es, c2ramic”

38Ed PRINT “cor plaztiac. Thezs are drfferent syzsz and *rntz
analysis"

3870 PRINT "rerformed 1n THERPML, The rewt zecticn prooides zsvesal mechad: o
specify the"
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7 3820 PRINT “‘cazes 2. Thsze ars: 10 all plaztic...2) all ceraw
ic..."
3292 PRINT "2 majortty ceram s Juser pscify which ars plaztics...94) najorite o

erami¢c (usszr
3998 PRINT
componsnt, "

3918 PRINT “Ir gereral, optiren 3 or 4 requirs tha user 1o input the nuw
gions that"

3920 FRINT "arsz #ithsr plaztic or czramiz and ars uzsful for specifiing the sty

necify which are ceramic), . 9 us cazs 3ztule for gacsh LIF

e when"
3930 PRINT "when cenly a few are diffzrent, MHhen there i3 a nearlv egqual m1 o, op
tion S*

3940 PRINT “"requires a 1 for gplazrtic s1wls and a3 0 for cesramnic 3tule, After al?
DiP’s are"

3950 PRINT "zpecifried, a list af regicn aumber: 13 drzplacsd on the scresen Qi
alpha modez)"

395@ PRINT "with the plaztic cazss in inverse w1320 (numbirz black on lignt back
round? and"

3978 FRINT ":z:zrantc zaze: in normal ordes,  Cer-sce a3 neodeg arnd 393" rd corrs
ctions is"

3%80 FRINT “indrcated by preszing COHT Yeu with mo entre,”
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AUTQST .. DFIVER FoP THESMELE

3990 IF F=0 THEN 4240

4009 DISF “PREST CIHT JHEH READT FOP ANOTHEFR FPRCE OF [HITFUCTIQNE®

49013 PRINMT LINCD

4020 PRUSE

4930 GOTQ 40S@

42490 PRINT

4050 PRINT ¢ The rmez-t 3ectr1on caincerns the *hermally conductive path: thzt ar
€ addead ™

4QPcl FRINT "to the circurt boarad, Both the slecrtrical conductors and any therma
1 conduction”

42879 FRINT "paths or rails will rtransfer heat bhatugen pegicri, When ant cIndul?
ion *

4820 PRINT 'ra!
gable ang*

40308 PRINT "i13mnored. To 33 h the modelrag of chg conduction ravis o1t o1z
sary to"

4138 PRINT "introducs the condept of x Dondustion Fatk Unir (CPUL,  Eacth of the

rails is"

4119 PRINT "modzled a: zontaining an integer rumbsr CFRU z, The wrdth of 3 IPU 1
s defineg

41298 PRINT "to b2 .1 wm while the ugsr must Jerfime the thicknes: (mm) and therma
‘u

4130 PRINT "conductivity ilatts M-C)o of thg material that form: the condustiin r
aits,"

ftfectz of the glesctrical lead: will be megh

ars prazent, the

"

41340 PRINT "The rtharaal conductivoties of gswsral alunnnum zxl112w: and Coppsr ars
presented"
4159 PRINT “vo xi1d the user. If ther: ars mo comdection r31ls arszent, the s'es:

trical leag®

3150 PRINT "agszoriptran 13 entersd in he much the $ame wa.t *hickesz: Cmms, avs
raje widrh"

4179 PRINT "imms and ths coanductivity clates- M=-Cs, Thiz !l defaule to 224 Wae
ts M-C, the"

4139 PRINT "walue for copper. This 12 the moit commotw martzrral for tracss on orr
cuit boards,"

4190 IF F=3 THEM 4249

428Q PRINT LIN-Z-

4216 DISP "FREIS CONT WHEH SEADY ZOF AHQTHES FAGCE JF ITNSTSUCTIONI®

4228 PAUSE

4230 GOTOQ H25@

4240 PRINT

42993 PRINT * In the next secrion the number: of lsads: or “FU3 that orozs 'he
interior"
4269 PRINT "boundarizz betwsin regionz are sntersd, The drzplay uill alternate

between"”

4270 PRINT “the graphics and the alpha mode with the: fizshing £ros: ar CUPZIr mo
ving 1o the®

42¢@ PPINT "appropeiate location an the beard to bs dafirsd.  The graphtez wil)

remain on" '

4290 PRINT "the 3crssn for tws szconds and then returs te ths alpha mods for an

input ting.,"

4399 FRINT "It w11l azk for thg input of the rumber of lead: or CFUY 2 betusen tw
o 3pacific"

4310 PRINT "regieonst 12 i the conduction rav) i3 8.7 mh wide, there ar
8 in that"

4323 PRINT “"path, ipscial functiom kgu 3 ¢E3) may be wied to Jumnp the arapho s
to the"

4320 PRINT “"printer for a hard capu of the graphics picturs, It 13 important ¢
aczount"

T LPu

"
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4340 PRINT "for the leads on both z1de:z of the circul
number, "

4330 PRINT "Rz before follow all sntries uwith the CON
ogram £lou"

4220 FRINT "in this sectron, the Back_up option <kd)
attenpt to"

4370 PFINT "mab2 CorreCtion: or return to a pre-yous
ries have"

4329 FRIMT "teen mades. Al corrections wi1ll bs mads
4399 PPINT

4400 PRINT ¢ In *he thernal mode)l wzed by the THEF

ransfered"

4410 PRINT "ro thre cooling ave tream.  Home of tie b
edge2s of"”

3428 PRINT "the circuit board, Faor thiz rsazon, *he
edgez"

4423 PRINT "uyl1l 2e labelzd with 3 ta indicate that no

boundar.. "
4449 PRINT "Whern this heat lozz from the board edge:
the results”
4450 PRINT "w1il be conzeruatiue,
cuit boards"
4459 PFINT “"uwzsd e anmstallaticorn:z: whers 3 z1gnificant
dissipated”
4470 FRINT "1: conductsd auan foon the board whoagh
4489 PRINT
4498 Pagernun
S99 Blankzs
4510 IF F=0 U
4528 PRINT wbian all rsgron
the alpha"

FICTAARIRR] S B3

fraes Boen

e
a

4520 PRINT “"mode zrnd azk 1f ane correction: are nasded., Hse the spedial fumits s
ns keys"
$4@ FRIMT "a:z rsgutred to sather return to jraphicz alemha or producs: 3 hard oo
vy, Enter"
4528 PRINT "tre rmumberz of the toarnzcsing regdrianz oot Maoge incoresc® alue: for
the numbers®
4568 PRINT "of lsads or LFU 2. Rz EBerore, CONT .oath mc smteo 213nalz: the lacly
of further"
4579 PFINT "corrections. The cal dezcription of ths crrcwit board v onca <
omplete, "
4588 PRINT “"R11 that remain: 13 to specify grther the Iomponsnt piusr lavels ida

tts) or the"

4520 PRINT "junction tempsraturss for gach compansnt.,
4600 PRINT
46310 PRINT
ecified," .
4620 PRINT “the mas<ifum steady ztats pousr lesl that
ature is"

4530 PRINT “"cal:sulated for each cowmponsnt,  Whes the
compongnt”®

4640 FRINT "ys zpecified, the ztzad state junction t
"

When vhe ma-imum Junction bLenpss at urs

4650 PRIMNT "Irn g1ther situgtion it 13 alic necsszary
tion"

4668 PFINT “thermal rezrztance P)_z {Desg C-Hatt:., Th
mponent

4679 PRINT "zurface temperaturs: far keat tranzdvsr ca
s the link"
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AUTA3Y ,, DRIVER FOF THESHELE:: J
4520 PRINT “betwesn The ZQ0mRINEN® pouEr, Junction temper aturs and the surfate t2
mperaturé.”
4533 PRINT “If Rj_< 13 zpecified as Zero 190" then the cais Zurfade tampératurs o
11l be"
4728 PRINT "saual 1o the Junctiorn tsmperature,”
4710 PRINT
4720 PRINT " After all ccmpornent power lzosls or Junitroir tempEraturs: hs £ o
een set,"
4730 PRINT "rthe complere Vtist is dJdizplaed 'n ke aleha made to allow chedvirg a
nd"
4740 PRINT "changss., Corrsctiznz are 1nzsrtsd 5o 2ntering *he jncocrrett rs3'on
number then'
475@ FRIHNT "ertertng the Iderect waluss 10 rézpcnce to ths Iysstron azbed, ¢ 2
esired”
4760 FRIMT "a hard czpe of all Jata for the cipiuit board v ll be gravsded ooy
the printer,”
K 4778 PRINT
4786 PRINT ™ The next section allows resonding of the Iv-Tutt Boar? 222Iropt)
ve data "
4790 PRINT "o to a mazi 5torajs medra,  Thiz should be acme.  The recirded Jata
file may te"
4890 FRINT "accessed at zom? later time gither 1n BOARLT dor edirtrag and thing
€s or"
4310 PRINT "directly yn THEFML *to pesréform the trsrmal arna’ozrs, !

¢crezate the

4320 PRINT Ythe neceszar: data f1le to record the dezcrtprion Byt 1€ & 3ata Yils
of "

4228 FPRINT "surfichrent 27z g«iatz, it teav be wzsd., RIV V2 dara om o trat $als o
i

48408 FRINT "he permanently lost, Infornation concerning ths mintmum Jata £11s z
ize is"

4853 PRINT "prazanted by the grogram to help in this dectzrom,
42€0 PRINT
437 FRINT ¢ Eurvle an error trap: throwgarout vthe sntr
sgave the
4338 PRINT "uzer from 1os:z of previous imputs in Caz
out the"

299 PRINT “zrecr 13 prezented and using the seror meszazse Iutde on the plazvac
stide ours"

4396 FRINT "bezlow the zcrgsn, the user may be able to mak
ady, as"
4910 PRINT "zigrnalsd by COHT bey, praogran £flow returns to a pr
operation"
4920 PRINT "rezumszs. The data reccrding z2ction whers fils
particularly"

4920 PRINT "prone to zpelling srrors or sntro of 1noorrsc?t mss
cifiers,”

49398 PRINT "Be carerul but rsmember th svitan W11) attewpt to cateh thoze img ot
able errors”

4558 FRINT "and act oan then bafore they bscome fatal.”

49€0 PRINT

4970 PRINT " The end of a cycls thraough BORRDS iz mow camplete.  R3 the pags
hezading”

4330 FRINT "tnart wuiyll appear ztatss, WHRT NOW ~, Mare worh with FOARLI 13 poz
sible. The"

4999 FRINT "wzsr maw 2tther jnput another carcunt board dezcraption frim *he
board angd”

S003 FRINT “"record that to maz: 31aragel or, ns azs retrieve a different Sircun
f board"
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AUTOET

OF1ER FOF

v

HEF ELE.

SO1Y PRINT “diziriprive Jdatas ot Srom mass $torade for chetving ard corredting.
M
SQI0 FRINT "Rrothzr Zption 13 ' perform the thermal anal 31z of the ci1rcult Boa
rd us1ng"
SO03Q PRINT "the *hird progeram tn the THERMELEN zvztem, THERNC,"
S040 PRINT
3950 Pagenum=d
5@¢Q Blarks=g¢
So7w IF P=g THEN S0TUE L
50238 PRINT Betore an €splaration of the progcam £l cn THEFRML, zome & p!
anation of"
S020 PRINT “the wze of EORFRDT to 2dit prevacusls recordsd data filez 12 vmocrd
er., This"
S130 PRINT "zprice nae 92 accszed throuwgh 'ng wze of AUTIST 2: 2 plained on *w
€ firsy page"
$118 PRINT "of theze anztructizsn: 3r rhe EORFDZ progran was B8 Jirsctly gatars
d into the"
5129 PRINT “computsr wrth the conumand! LOAD “iCHFRF IS 0"EJARTZITIS, 1 lwFs T
4y then frezz EECUTE ¢
S13@ PRINT
S149 PRIAT “0f ¢ourss the apprIprtate Mass 2torags spsctifiér zhouwld he wizd torth
here and”
S1%0 PPINT "wran grtiring the file rawme $ar ano practouzle ~goored 33 a tate, 3
e: the "
S160 PRINT “dpsrarirg and Frograwning fanual for the 2245 ¢ the aboos s nos 2!
ear.”
S178 PRINT
S183 FPFRINT Followtng *hs anput of the f1ls name that cImtatn: *he dezor o)
e daty,”
5190 PRINT "*ve Zata frle will be read and al! the cartabis: *hat ars nirualls =
et from"
$20Q FRINT “ths bheuvboard o110 b dzfined.  The Svrcutt Board will b drawr Ir oy
e scregen”
2218 PRINT “1r gragphics nmode and changs: to ths 2ped1f10 Clnporsnts that 20 Iup:
the regionz”
S229 PRINT “"mav b nmade. Hiwguzr) 1t i3 rnot paszible ta change ths munbsr 2f rg
gions 1n"
S22 PRINT "ary oag, Thiz wmalor excrzian of the board nust be dong az 3 rndw toa
rd input.”
$240 PRINT "Correction to caze ztylez 13 next and then the nunber: of lgad: or ©
FU’s "
5258 PRINT "betussn regions will e labelsd an t23 the grashic: prcrturs of ths o
rcuit board”
260 PRINT “Charngez will Se allowsed to the nuaber: but o2t the phosical e3z€: of
the leads"
$278 FRINT "“ear CPU =z thtz alza regquirez a nzu board Tnput, A 11zt of powse s
vels," )
S2290 PRINT “junmcrion tempsraturs and case to Juncticon therwa)l rezistances 13 grs

sented"

5290 PRINT
ata set may
53390 PRINT

5319 PRINT
3320 FPRINT
system, "

$333 PRINT
rmine the"

"for

"then bz
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LEIVER

Fofp THEFRMELE

AUTOST ..

SI40 PRINT "zteady s3tate Junct'on Tempeératurs '1e COfipCnint pPOwEr tevels ars :pe
cifredr.”
S3S3 PRINT “DEM0=F contzin:g 3 J1fferent circutt board far okrch warimum pouErs
leuvels are *
5360 PRINT “"detzirnined tn the thermal analwvziz.  The use of €1ther of these can
be helgpful”
S370 PRINT "t famyliarize the uzer with barh Yazt procgram oot
he THERELE."
SED PRINT “suzvem, THERML."
5390 PRINT
S$499 PRINT " THESHML <¢reate:z the mathemarical meodel, psrforws the anal o ziz of
the circuit”
S41Q PRINT "bzard and producessz *hs output, The varvable: uzed in *he Thermal o
del are s=zt"
5420 PEINT "uzing e1thsr 3 data file ¥rofm mas: ztorage Or they ars paizsd in o3 2
ommon black”
S420 PRIMNT "uhge THEFML iz Thsre are n) COorrsction SR
rrunities”
84489 PRIMNT “"for the circytt Zoard Jszcroptaroes arvablez *n o wh1s progean,”
S450 PRIMT
S468 PRINT Aszuming thay THEFML ha: bezn loaded from cbe Hhat rHow optian
list in ¥
5473 PRINT the f1rst irput 13 the ynlet teupsratursdeq 0 3f the oo
11ng air,"
S4%3 PRINT “"Artsr thiz 13 entsred and printzd on the zcrsen, the wolutstryc ate ;
flow" ;
5499 PRINT "rate MA3 /zec’y 13 raquested.  Trncs ths :gn2 seb of ;
special® ¥
5520 PRINT “function wduwz ars alrd v thiz prograb, *he bs2ads overdas shoutld
remain and"” g
SS13 PRINT "k (Back=up: na, D8 w3&d 40 return Lo 3 pra1and Queitron hen trpa i
errors are’ . q
S52Q0 PRINT "nats., The pz Y Input 153 the spac ng LeEtos=rn ths 2iriutt Soaerds or :
rack mourits, "
5530 PRINT “Thiz zpazing and the board hsight determinss the 3132 2f ke mwage s !
ary arr Jduot” i
§5490 FRINT "containing the circutt board. Whern combingd 1ty the auount o 30~

flow for" i

€550 PRINT "ezch circutt moard the air velocite amd hgat transfer corrslatior: i
re”

55689 PRINT "dstzrmined. Since all the pouer drzzrpated on the crrcutt board mus
t be"

5570 PRIMT "rancuwed bw the air £1l3uw, 1t 1s important For tneze caluss to be 2
recize" 7
5520 PRINT "az pozsible. After the thermal analugie iz conplete, thers will te
opportunite:”

5S30 FRINT “r3 alezr *hszc topportant air flcw paranters azmd 2 anine the effece:
on thg"

$600 PRINT "“surput.”

$610 PRINT

Se28 Pagerun=%

S€38 Blarks=g

640 IF P=3 THEN Fagepr?

5€50 PRINT the ara' 31z baginz, the conver riterta nuit bs e
. The®

SE€80 PRINT “"analuzrs conzizt: of azzuming a 32lution thsn Jdefintng a zer of st
tansous”

$570 PPINT "sauatian: “one for f3th region) which are zalosd for frther the pous
o
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$8€@ PRINT
ous results
S690 FRINT
ference"
STO0 PRINT
ults are*
S?1Q FPRINT
results”
ST20 PRINT
tered, "
S$?393 FRINT
procezz"
5749 FRINT

AUTAST ., DRIVER Fap

THESNELE.:

"or the Junction teupsratures.

"

othe azsunsd value: for the fairs

M
o
"

valusgz

in ograghicsz, &)

“arg printed to the soresen 1N algp
"Tre Zlozer to zers ors 2et3 the

"vakez., Defawlr wvaluss for the ¢

t% chang=s in”

5759 PRINT
et. Each”
ST5@ FRINT
regiaonz,"
5?70 FRINT
to watch®
ST739 FRINT
5739 PRIMT
5509 FPRINT
d with"
5819 PRINT
eval and"
S249 PRINT
circuit”
S839 PRINT
ce pawer”
S840 FRINT
as troubls"
S35O PRINT
Lo insure"
S860 PRINT
5876 PRINT
5820 PRINT
3 What Now
S830 PRINT
rd or"
59089 PRINT
board"
5910 PRINT
oarag”

929 FRINT
5330 PRINT
$930 FRINT
mum M
S950 PRINT
e producsd,
$96a PRINT
performed”
SITQ FRINT
flow rate”
5380 FRINT
ooking are:
$33%0 PRINT
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ALTOST .. DRIVEFR FOF THEFNELED

6000 FRINT "az1r flow ratez. Upan completian of thys zsnzitivie, aralweii:, proge

am flow"

Q10 PRINT "returns to the 2ption 113t prevrousico drscuziad.”

€920 PRINT

609 PRINT Termirat 'in :hou'd b done wndsr pragran fontrol usies the fieal

option, "
5049 FRINT “This wr 1l tnzare that the standard bsy 3891m1t 1003 are rstarngd ard
that the"

s0SQ PRIMNT “propse Jraphic: war zsters: “touzer Cf trE COomputeér

It
w
=
o
"
£ d
-
Al '
Y
-
ﬁl
3
a

EDED PRINT LINC2,, TRE2Z,"GOOD LUK
€070 Pagenumn=d
6038 Blank:z=1

6830 IF F=d TrHEn J0iulk Pageprt
6180 PRINTER 13

6110 RETURN
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155 Srarte:

1€ Stare: II: PEIGRAM FOF ELECTSOMIL D1FTUIT EOAFI:
1£S ON EFRF
176 GOsuE
1?5 FRINT T2z othE user I oanpunt 3 Zetai'sd dezorawcior 1Yoa

electraonig
180 PRINT “oarcunrr board and perfars a tieryal anaiwst: 0 nrsd it @t rar s
teady srats
189 FRINT "*zapsraturs: of the Compansnt: f oowsr teoelz arz gt 80 oo the TIoc
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BOARDS .. DATH INFUT Fok THEFMELE::

S20 FRINT “with one component-rzgion. The circuit board 12 then préssnted on th
e " :
525 PRINT "CRY sither normal zi1ze or 3caled up or dowun by jone integer if larger
or smaller”
530 PRINT “than 120mm by 170mm. The specific components ard 3lectéd with the us
er keys"
$35 PRINT "in ths upper right corner of the keutoard, If you do not have a key
code *
542 PRINT “overlay fer the keéys the program will provide one for vou.  Informari
on to be"
$4%5 PRINT “used 1n the thermal analusis routine is entéred in thiz zection of th
e program.”
SO PRINT "You will haue the coption of recording the board Jescription onto fass
storage.”

$5S PRINT
560 PRINT “Conductivity of the board will default vt3a ,2942 Uatrts-M-degk with no
entry.,"

565 PRINT LIMC1Y,"NOTE ! LENGTH I5 DEFINED TO EE IN THE DIRECTION OF ARIF FLOMW
L]

5?9 MAT lrype=2ER

S7S Anss="NyLL"

589 INPUT "WHAT IS THE LENGTH OF THE BOARD In MILLIMETERS".RAnss
S85 IF Ans$="BACK_UP" THEN Stare

$90 IF Ans¥="NULL" THEN SV7S

595 BJI=RBS<YAL(AnzS$,

608 PRINT LIMCLY,TARE«103,“LENGTH =";Bdl;" mm"

€05 ScalexsINT(BAl. 1710+

610 [IF BA1<171-2 THEN Scalex=.%

€15 Ansga"NyLL"

€2@ INPUT “"WHAT I3 THE HEIGHT OF THE EBORRD IN MILLIMETER:",Ar:s
62% IF Rﬁs!=“3ﬁ(¥._UP“ THEM Bdprce

€30 IF Ans$="NULL" THEH o1%

635 BAh=ABS(YRAL(Arzf

€490 PRINT LINY1,,TREL1GY, "HEIGHT =" B3k} " mn"

645 Scalav=lHT(RIh. 12102+

650 IF Edh<{121.-2 THEM 3calev=,5

655 ScasMAXiZcalsoe,Zcalen ! 2CALE FACTOR TO FILL CFRT DISPLAY

€60 [IF Sca=1 THEH e29

665 IF Scadl THEN PRINT LINC2),"##4sNOTE«e»*+ DUE T0O SMALL 3S1ZE OF THE BOR
RD CRT DISPLAY WILL EBE 24 SIZE"

679 IF Sca>)] THEMN PRINT LIM(Z»,"*+xsNDTE+%+4 DUE TO LA™GE 31ZE QF THE EOFR

RD CRT DISPLAY WILL BE 1 ~"j3caj;“3IZE"

675 Anzs="NUuLL"

680 INPUT "WHAT 15 THE HUMBER (F DIVISIONS (REGION3Y IN THE HORIZCHTAL DIFECTIO
N",An3s

685 IF Anzs="EACK_UP" THEM £195

690 IF Anss="HULL" THEN £7%

695 Nxr=ABS(YAL(ANns$)

7?00 PRINT LINC1,,TAEC1O),"# KXreg =";Hxr

785 Anss="HULL"

710  INPUT "WHAT 15 THE NUMBER OF DIVISIONS C(FEGIOQHS» IM THE VERTICAL DIRECTION®
sANz S

715 IF AnsS="BACK _UP" THEM &75

720 IF Ans¥="NIJLL" THEN Ta%

725 Nyur=ABS(YRL(Rns$>?)

730 PRINT LINCID,TRECL1O),"# Yreg =“;Nyr

735  Nreg=Hxir*Nyr ' Nreg = HUMBEFR 0QF FEGIONS

740 IF Hreg<S1 THEMN 770

(3
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745
30
73S
269
?6%
’79
??S
kg 1]
78S
239
?9S
800
8035
810
815
820
82S5
HERE
830
835
840
845
850
8S5
(-1
865
870
875
889
88%
g90
899
909
@0S
919
91%
929
923
930
93S
946
948
950
955
9€0
963
970
97%
939
985
990
99%
1008@
100%
1010
1013
1020
1025

BORFDS .. DATA INPUT Fof THERMELE:

EEEP

PRINT PRGE,LINCISY,SPAL30Y,"TOO MANY REGIOHSZ"
WAIT 1000

GOSUB Errin

GOTO Bapict

Ans$="HULL"

INPUT “WHAT 13 THE THICHLHESS OF THE BOARD . an " (AnsE
If Ans$="BACK_UP" THEN T0%

IF Ansg="NULL™ THEN 779

Thick bL=RESCYAL ANE§) )

PRINTTLINC1Y, THEC1D),"Thick =*;Thick_b;" nm*
Ang$a", 2942

EDIT “WHAT 13 THE THERMAL CONDUCTIVITY OF THE EBOARDT (UATTZ-M -dég ¥J",Anz$

IF Anz$="FACK_WUF" THEN -
KbsABS(VRL(AN: § 1
PRINT LXN(l).TRE(lBJ."COnd_B a3k

EDIT “INFUT A 3HORT :<5@ CHARRCTERS> WJISD DESCRIPTION OF THE CIRCUIT EORFD

",Pigtibls

IF Pictlibl$="BACK_UP" THEN 284
IF LENCPictIbl 82«51 THEN 3%@
GOSUB Errin

GOTO 329

GOSUB Board_pict

GOSUE Graphkew

IF fAns$="BRACK_UF" THEH Bdpict
GOSUB Bd_tha

IF Ans¥="ERCK_UP" THEN €39
GO3UB Cass_tup

IF Ansg="BRACK_UP" THEH 36%
GOSUE Leads

IF Ans$="EACK_UP" THEN 375
GOTO 43%
Board_picte! GOSUE Error

Board_prct: ! THIS SECTION PLACES R BLANK BORRD ON THE SCREEN

OH ERRUR GOTQ Board_prats

PLOTTER I3 “GRAFHICE"

GRAPHICS
MSCALE 0,10

C3IZE 23

LORG S

MOVE 25,130

LABEL "==-air flow-=-=> "

Bdh=Bdh/5ca

Bdi=Bdi/Sca

LORG €

LDIR PI-2

MOVE 175,79 .
IF Sca>l THEM LREEL "THIS FPICTURE IS 1 -"sWRALE(Scas2" SIZE"
IF Sca<l THEN LAEEL "THIS PICTURE IS 2x SIZE"
LORG S

LDIR @

MOVE 92-LEN(PictiblE . 2,13%

LRBEL USING “K"3Picrtibl$

MOYE 0,0

DRAW 93, Bdh

DRAW Bgl,Bdh

DRAY Bg1,9

DRAW 9,0

4>

97

b

e
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BORRDS ,, UATAR INFUT FOR THERMELE:

1030 LINE TYFE 3

1935 LrsBal N r ! LR = LENGTH OF ERCH FEGION
1040 Hr=Bdh. e ! HP = HEIGHT OF EACH FPESIOH
104S FOR I!=t T N.r-1

1959 MOVE l+Lr .9

1038S DRAW leLr, Bah

1060 NEXT !

1069 FOR 1=t TO Hur=-l

{oro MOVE O, l#Hr

10735 DRAW EJl, [¢Hr

1030 NEXT I

108% LINE TYPE 1

1090 LORG S

1995 Nrs=9

1100 FOR J=tier TO | STEF -t
1108 FOR I=1 TO Nur

1110 Nrshrel

1119 HCNr sLre 1=t voir- 2

1120 (NP 2B Jel reMr e L ody . o
1128 MOVE H/Nr>, o Ne -

1139 LABEL USING “K"{/ALE Nr:

1133 HEXT I

1140 MEXT J

1145 BahsBdh+3ca

1150 Bdi=sBIl«Sca

1199 WAIT 1509

1160 EXIT GRAPHICE

1185 RETURNM

1179 Graphkeve: GOSUE Error

1175 Graphkey:! HERE [3 IUERQUTINE TO ALLOW [MPJT OF BOSPD ZECRIFTION FFOM KEVS

DATR INPUT

1180 ON ERROR GOTO Gr aphke.e

1135 Ansssv v

1190 S$="KE" CODE QYEPLRAY"

1195 GO3UB Pagehead

1200 PRINT This section allcws tre tomponents to be defined and drawn on *he
acreen”

1295 PRINT "using the hevs 1n the uppar raight corngr 2f the keuboard, The preui

ous key"

1219 PRINT “"deffimitions are nor wa'id whilg dntering the Zimpondnts tut Wil
be”

1215 PRINT "during ltater portions of thiz program. RS the flashing Iurscr mores
to each”

1229 PRINT "region 1n nunerical order presi: the corespondird k& and wart for th
e curger to*

1229 PRINT “"appear 2% the ne<t region, RI1 rejions mui® be deftned svuan 1F uitrk
kQs >EMPTY, "

1230 PRINT

1238 PRINT " NUTE: kil-.k14 revar to chip carviers or flat packs,”

1240 PRINT

1245 PRINT If ¢ou d0 nat hy e & plagr1s be zode coartas F111¢d 1n HF gpasr
#7120-61€47, 1 will make & paper 2nd for au, "

12%0 Ansds N"

1295 INPUT DO ¢d1i NEED A PRPER IVERLAY (N or 7V ",An3s

1260 IF Anag="EARCK _UP" THEHN PETURN

1269 IF UPCB - Fns#C1,1) =" "N" THEN 132

1279 PRINTER I35 O

127% PRINT SPACIO:,"TERR OFF FCR COMPONENT DEFFIMITION :E. CODE OVEFLAC",LIN:Q

)
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BOARDS .. DRTR INPUT FOR THERMELE:M

T eca

1298
1300
1305

PRINT *| EMFTY | HORIZ | VERT HORI2 VERT HORIZ | YERT |*

PRINT "| (ko DIP14 | DIF14 | DIP1E bIPIs | DIPZ4 | DIPZ4 FLACE A
KEYS"

PRINT “TEAR HERE -~ce-ecccmcmccoscccmcccncaccooanoocoooocon-a- THEM PRESS COM
PRINT LINCL)

PAUSE

PRINT | <k3> | WORIZ | YERT | FLAT | FLAT | FLAT | FLAT | PLACE

BELOW KEVS

1310
13195
1320
1325
1330
1335
1340
1345
13%0
13535
1360
1363
1370
1373
13380
1385
1390
1399
1400
1485
1418
1415
1429
1428
1430
1438
1440
1445
1450
145%
1450
1463
1470
1475
14580
1489
1499
1495
13500
1SS
1310
1319
13529
152

1330
1533
1540
1549
1550

FRINT *|
PRIMT LINCO
PRINTER I3 16
! NOTE THAT THE KEY# [3 THE CODE FOR TYPE OF ELEMENT <TORED IN It pecll
DN KEY #9 GOT2 Empty
ON KEY #1 GOTO Hdipls
ON KEY #2 GOTQ ¥aipls
OM KEY #3 G0OT) H3ipls
ON KEY #4 GOTD vaipls
ON KEY #5 GOTO HMdips
ON KE'¢ #& GCOTO %3ipdd
ON KEY #7 GOTO 142%
ON KEY #3 GOTO 1435
ON KEY #5 GOTO Hdip4d
OH KEY #13 GOTD Ydrpdd
ON KEY #11 GOTD Flarie
ON KEY #12 GOT) Flatld
ON KEY #1323 GOTO Flardg
ON KEY #14 GOTD Flatsad
IF OldesPl THEN RETURN
GRRPHICS
FOR 1={ TO HNreg
IF ItypeClo=19 THEM Me.tr
MOYE X<(l)x,vCI)
POINTER MC(I>,¥cI»,2

t THIS I3 AN EHDLESZS LOOF TO ALLONW FOR UZE OF THE PRICRITY INTTERUPT KEYS

COTO Loop
Nextr: IF Reg_cha<dQ THEM RETURN
IF 1< Nreg THEH 147S
IF O1de<>PI THEM WAIT 189%MNreg~1.5S

POINTER 9,9,&

EXIT GRAPHICS

RETURH

MELT 1
EmptyiGOSUB Erassnum
ItypeCld)slpincid=lle(l i=Le(]l =0
GOTO Hextr
Hdtpld4:GOSUE Erazenum
Hpin(l>=id4 .
IF Itype(ls>=2 THEMN LUIR PI.2
LAEBEL USING “K"i{"DIP14"

DIP40 | DIP4d | 16 PIN | 24 PIN| 40 FPIN| &4 PIH |*

Loop:

Wedl>alle=, 2542%. 4 ! RCTURAL WIDTH IN mm

LeClisLe=,?725+2%,4 ! ACTUAL LENGTH IN mm

IF (leruperli=ls OR (lvypadldad> THEN 154%

Tenp_dim=uecl) ! HERE LENGTH AND HIDTH TPANSPCIED SUCH THAT LENGTH
Wecl)shesLecl ' I3 DEFINED TO BE IN THE DIRECTION OF RIR-FLOW
LeCl>sLesTamp_dim

IF Jtypecl 2ad THEN Itypecl =]
Drawdip:! THIS SECTION WILL DFAW ALL THE DIP FIGUREZ ON THME CRT IF Hpini2®

(8>
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BOARDS .. DATA IHFUT FOR THERMELE::

1555 Le=LesSca
1560 We=le- Sca

15€% MOVE NX(Id-Le-2,v:1v-lla 2 3
1579 DRAM Xels=Le 2,7(lrele 2 !
157 DRAW XC(ld+Le- 2,71 v+hie. 2 1
15:3@ DRAW XdlrsLe 2% 1i-Ha-2 1
1533 DRAW K{Iy-Le-2,v(l)=-MHe 2 H
1530 LDIR © :
1595 GOTO Hextr ! End of Draw_dip :
1600 Vaiplaileupeclrs2 :

1605 GOTO Hdipl4d

1610 HdiplE:GOSUE Erasenum

1615 Npin(li=1s .
1620 IF Itupeil>=4 THEN LDIF PI. 2 !

3 1625 LABEL USING "K";“DIP16"
1530 He(ly=hiza.2%5+25, 4 b WIDTH IR mm
1635 Le<I)sLe=.30%#2%. 4 ' LEMGTH IN mm 1

1649 IF ltyvpeclna>d THEM (toupecl =3

1645 IF ltype<l, .4 THEM Drawdip

1650 Temp_dim=kecls

1655 We Il =lle=Le]>

1660 LecId=Le=Temp_din

1665 GOTO Drauwdip ! End of Haipls

1670 Vdiplé:leypecli=yg

16?75 GOTD Hdipls

© 1680 HAip24:503UB Erasenum ’
* 1633 Npin(lr=24 ‘
' 1690 IF Irypecldas THEH LDIFR Pl-2

1695 LRABEL USING "K";"DIP 24

1700 Wecl )=le=,5%2%,.4

17995 LecCl)=Le=1.25+25.4

1710 IF Jtupec]><>6 THEN lrupecl)=5S

1718 IF leyps(15<55 THEN Drawdip

1720 Temp_Jdim=hiacln

1725 Wedl slie=LecC])

1730 Le(l)=Le=Temp_dim

1739 GOTO Drawdip I Eng of HIip2s

1740 Vdip2diltupe(li=g 1

1745 GOTO Hdip24

1750 Hdip4QIIF *1 MOD Hur=@> OR (ltypell+1)=1@) AND (Reg_chas=d> THEN Loop

1755 GOSUE Erazenum

1760 I=lhsl+1

1765 GOSUB Erasanum

1770 I[=1-1

1?75 HpincD)=tpinithrela U THIS 1S FOR EACH HALF OF THE 49 PInS

‘1780 ItypecCli=liupeclhi=s

1785 MOVE A<l +lr 2,71

1790 LABEL UZING "K"i“DIfan"

1795 Hell sUlirlhosles, 2%, 4

12800 Lell =Lerth =L es2%,4 ' THIS I3 FOR ERCH HALF IN ERIH REGICH

1895 We=Wg¢-S5ca

1810 LezLe 3:a

1815 MOVE (¢l +br-2-Le,v(lr+ilde 2

1820 DRAW X¢id+Lr/2-Le,?(1)=He 2

1825 DRAW K(l)elr 2+Le,7(1)-MHe-2 1

1839 DRAKW N (I elr 2¢Le, Yl oUe- 2

1838 DRAW XK(I1)ebLr 2-Le,?Closle 2

1840 [=Ih

i

sl

&3
100 :
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1845
1850
1858
1860
1855
1870
1875
1830
1885
1890
189S
1900
1905
1910
1915
1920
1925
1930
1935
1940
1945
1950
1955
1969
1965
1970
1975
15390
1935
1950
1995
2000
2005
2010
2015
2020
2025
2030
2035
2040
2045
2050
2055
2069
2065
2070
2075
2020
2025
2090
2095
2100
2105
2110
2115
2120
2123
2130

BORFDS .. DATA INPUT FOR THEFMELE:.

GOTO He.ctr

VAipd9:1F leNr Nreg THEN 1329
GOSUE Erazenum

lzIhs[+Nxr

GOSUR Erazenum

Isl=-N«r

Npin(l aNpin(lh>=Zd ¢ THIS IS FOR THE HALF OF THE 44 PINS I ERCH REGION
TrypeCId=ltvpecln)=sll

LDIR PI-2

MOVE “<1),¥V<l)=Hr 2

LABEL USING “K“;“DIP40O"

LDIR O

WeClr=le(lh)=les, 6+25. 4
Le(lr=ledlh )=L2323.4 t THIS 1S FOR HALF
WesWe-Sca

LesLe /3ca

MOVE X<l:+We 2,YC(lo~Hr- Z+le
DRAW X(1r~We - 2,¥C(l)=-Hr-2+Le
DRAU XKC(1 -We-2,YCl)~Hr 2~Le
DRAM X{lreler 2,V l)=Hr-2-Lsi
DRAW M(ly+le. 2,7¢]1o-Hr 2+Le
LDIR @

Temp_dimsLe(IJ!HERE TRAMSPEZE Lg FAHD We T3 MAINTAIN LEMGTH ZEFF WITH ALF
Led<IdsLecIho=Welly

Hello=We (ThosTenp_3in

GOTO Mexer

Flatlailruperl =1t

GOSUB Erazenum

Mpin<lr=1¢€

LABEL USING “K"i"1é&"
Le=lz=lie (I =Le (124,87

GOTO Drawadip
Fltat2d4:ltype o =12

GOSUR Erasenum

Mpin(l)=24

LABEL USIHNG “K";"24"

Lexleaie [)=Lec])>a?7,.73

GOTO Drawdip
Flatdd:leupecli=t2

GOSUB Erassnum

Npin(lr=40

LABEL USING "K";"40"
Le=lestlac]d)=Lec])=12,1%

GOTO Drawdip
Flatéd:leypeclo=td

GOSUR Erazenun

Npin(l)=54

LABEL USING "K";"FLATS4"
Le=He=lie I =Lec]>=13,29

GOTO Drawdip t END OF COMPJOHENT DEFFINITIONS
'

Erasenum: ! HERE WE MOVE THE REGION HUMBER TQ THE UPFEF LEFT COFHER
CSIZE 3

MOVE XC(I),¥v<D>

PEMN =1

LABEL WIING “k*3]

CSIZE 2.%5-3¢a

IF Reg_chas0 THEN PEN 1

(¢-M]

lo1




21338
2149
2143
2150
2139539
2160
2169
2170
2173
2180
218S
2129

board,* |

219%

t remove"

2209

the picture."

22993

region num,"

2210

continue”

2213

spaces.”

2220
2229

egions,

2230
2233
2249
22483
s$

2250
2233
22¢0
224%
2279
2273
2280
228%
2299
2299
2300
2309
2310

BORRD: ., DATR INPUT FOF THEFMELE:

MOVE XCls=,d4elpr,Y(l)e,d2Hr

LABEL USING “k";1

MOVE Xl ,vu D)

CSICE 3.4/5¢a

RETURN ! EHD OF ERAZENUM
'

Bd_chae:GQSUE Error

Bd_chai! THIS POUTINE ALLOWS FOP  CARNGE OF TYPE FOR SFECIFLED COMPONENTS
ON ERPOQF GOTG EJ_chae

S$= CHANGE COMPONENTS"

GOSUR Fagehead

PRINT * This secti1en allows corrections to the cocupcnénts on the circui? i

PRINT "Howgueri you mau no' chang? thd fircuit board i1tgelf. You will +tirs
PRINT “all unwanted ccmponints (up to 18) by entering the rezion numtdr on
PRINT “"UWhdn rem2u1ng any component which requiregs tud 2paces, uss the louer
PRINT "Entering a 3 or prissing CONT uith no gntra oill allow program ©o

PRINT "with the section that allsws deffiririon of cowponent: in 311 expry

PRINT
PRINT “"Femember to allow space for the larger ccnporenti that re&gquire twd r

lee=@d

Again? Tttalree}

Angs= Q"

INPUT “ENTER THE FZSION NUMBER TO REMOVE CIMPONENT  DEFAULT=.@ 3 :HONEM.",An

IF Anss="BACY._UF" THEWN RETUPH
Reg_chasvRLCANs

IF Reg_zha=d THEH Ad
IF CReg_zh3a @) AND -
GOSUB Errn

GOTO Rgan
Reg_charIrt 2R4q cha
GOSUB Erasze_comp
Reg_chas=d

IF Ire<=10 THEN Rgain

SE="MAXIMUM NUREER OF REGIONS®

GOSUR Pageheand

PRINT * There are 12 chwnges to a:compliih ar thig poine and 1o avcid pro

camd

Tomp

L]
(#)_cha Hedgels THEN 2439

blems you*

2315
2320
23295
2339
2333
2340
2349
2350
2385
2360

PRINT “must redefing the board,"

PRINT LINC2),5PAC1S,"Press CONHT *

GOSUB Ada_comp

GOTO Bd_cha

Ertso_comp:! THIS SECTION FEMOYE UHLAKTED CTOMPOHENT TO ALLCW CHRNGE
GRAPHICS

PEN -1

IsRey_cha

IF ltupa(Reg_chai=0 THEN 234S

ON Iiypecl> GOISUE Htipla, " pld M pid, vipld M nld, v31p2d,Erralde Errolds

s HA i1 p4Q,vadipdd, Flatis , Flarld,Flardd,Flarss

23e9
2370

PEN 1
GOSUB Empty

€95

102




R e

BORRDS ,. DATA INPUT FOR THERMELE::

237S IF 1<2 THEM 2499
2380 IF (ltype¢l=-133%) RAND C(levpeild=9) THEN 2339
2385 GOTO 2400 |
23%0 I=l-1 ]
3 2395 GOSUB Empty
2400 IF Id<Hxr+l THEH 2420
2408 IF leype(l-Nxri<>19 THEN 24290
2410 I=s]-Hxr
2415 GOSUB Empry
2420 WRIT 500 1
’ 2425 EXIT GRAFPMILCS
E 2430 RETURN
2435 RAdd_comp:t THIZ SECTION ALLOWS ADDITION OF COMPONENTS TJ ENPTY 3SPACES
, 2440 IF Tt THEN 247S
’ 2445 IF Olde=P] THEM GOSUE Graphkey
2458 FOR I=] TO Hreg
2455 IF ltypecl»<{'n THEN 2470Q
2460 POINTER XC(Is,vely,2
2485 GOTO 24€0
2470 MEXT 1|
2473 FOR =1 TO 1S
2480 OFF KEY #l
2435 NEXT 1|
2490 EXIT GRAPHICS
2495 RETURH ¢ EMD OF ADD_COnF
2%00 !
250% Case_typeiGOsUR Error
23519 Case_typ:!! THIS SECTIOIH ALLOMS THE USER To 3FECIFY THE CASE TWPE FOR DIPs
2515 ON ERROR GOTO Caze_tups
2920 IF (Olde=Pl> AMD tItts2y THEN GOTD Ca:
25925 ! BUT FIRST MUST TELL THE WLIER TJ CHA
2530 3$="CHRNGE OF THE SPECIAL FUNCTION KEYS
2535 GOSUB Pxgehsad
s 2549 PRINT LIN«1D) SPAL 10, "REMOYE THE KEY CODE OQOWEFLAY FIF CCMPONENT INPUT®
‘ 2545 PRINT LIN(1,,3FRI19Y,"REFLACE THE GSENEFRAL FURPOSE KEY IODE OWERLAY
2550 DISP SPR(2%),"FRESS CONT WHEN RERDY"
2595 PRUSE
2560 SE="TYPE OF DIP PACKRAGE"
2%65 GUSUB Pagjehead
25798 PRINT *» Dual inline package:zs ¢(DIP:z) g2nerally cofe in €ither an injectio
n molded”
2575 PRINT "plastic case or a ceramic sandwich casé. The 3tyle of caze conztr s
tion affects”
2520 PRINT “the heat transfzr and must be known For the thermal mcdsl.”
2%8S PRINT
2590 PRINT "The methods of specifying the types of Cazes are listed below."
2595 PRINT TREC1S);"THESE AFPLY T3 THE DIPa QhLY®
2600 PRINT LIMC2)
2605 PRINT TABC1©,3"1, ALL CERAMIC"
2610 PRINT TAEC1Q»;"2. ALL PLASTIC"
2615 FRINT TRBC1Q>;"3, MAJORITY CERAMIC USEFP SFECIFY MHICH ARE FLASTIC®
2620 PPINT THEC10,;"4. MAJORITY FLASTIC (USER SFECIFY WHICH APE CEFRMICH"
2625 PRINT TREC19X;"S. U3IER SFELIFV CASE STYLE FIFR EACH DIF COMFOHENT”
2639 Anss="" .
2635 IHPUT "ENTER YOUR CHQICE (1,2,3,4,5:",Anss
2640 IF ArsS< "BRCK_UP" THEN 2570
2648 PRINT LINC2O),SPACZEY, "UNRELE T3 BACK UP WITHOUT LISING THE BOARD",LINCS)
2650 BEEP

Z L3

THE KEYV-COIE GYEPLRAY
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BOARDS .. DATA [HPUT FOR THEFMELEM

2655 DISP "Preéss CONT when rc¢ady to continue"

2660 PAUZE

2665 GOTO Casze_tup

2670 AnssVALC (AN §

2675 IF (RAns<1> OR (An3>SY THEM Lasze_tvpe

2680 ON Ans GOSUR Core,Flaz Misrs, Mplas,Any

2€8S Caze_chai2¥="CORRECTIONS TO LRIE STYLE FOF DIF PRIFACES®

2696 GO3SUB Pagehead

269S PRINT On the screen beglow 13 a tine that reprezents the Tasiz 'epe for
all regions.”

2700 PRINT “Thozs regionz that contain a plaztic cased component are zhoun n in
verse vidio"

2705 PRINT "(1) while all other: ars shown in normal widso 10,

2719 PRINT

2715 FRINT "To mabke 2orrections anter thé region # thar i3 incorrect,ié¥ rno chang
es no entry.",LINCL,

2729 FOR I=1 TO treg

272% IF I MOD t10=1 THEN FRINT SFACLIDY:

2730 IF (Cazelll,13=2"3" AND (I :=1Q: THEN FRINT Ii3FR. 10

2735 IF (CazeslI,I3="0") AND I 18 TREH FFINT SFRcL1MIIZIFPACLS

2740 IF (Caze${I,I1="1"7 AND . 1>=19) THEH PRINT CHRFSCLIZ23);ICHRPE. 123 {SPREDD
H

2749% [F (Caze$ll,1)="1") ANDT ¢I<19) THEH PRINT CHRECIZ®." "1 I3CHRECL2S IPRA
€13

2750 IF 1 MOD 1929 THEM PRINT LIMC!D

275% MEXT I

27€8 PRINT

2765 Anas="NuULL"

2770 INFUT “EMTER RESIOH # TQ CHANSE OFf FPRESS CONT UITH MO ENTRY IF OK',An:z§
2773 IF <(Rnsg="NULL") DR (ANsE= DAL _UP" > THEN RETURN

2739 ReglsVAL ANz ¥

2735 IF (Reqgl. 9> AND «Rsgli=Hrsagl THEN 2309

2799 GOSUB Errin
27533 GOTO Cass_¢=
2299 CazeslFeqgl,
2805 GOTO Casze_c
2210 !

2815 Cere:! ALL CEFAMIC CAZESD

2920 FOR 131 TO Nreg

2825 Cases(I,13a"p"

2830 NEXT 1

2835 RETURN 'END OF CERE
28490 !

284% Plaz:! ALL PLR3TIC CRASES

2850 FOR I=1 TO Hrag

28SS Cases(I,[3="1"

2860 MNEXT 1 .

2855 RETURM TEND OF F1
2870 |

2875 Mcere: SE="NMAJIRITY CERAMIC ..., SPECIFY WHICH ARE FLASTIC®

2830 GOSUB Fagehead :

283% FOR I=1 TO MNreg

2890 Cases(l,I1="9Q"

2835 NEXT |

2900 Anss="NULL"

2905 INPUT "ENTER THE HUMBE® 0OF PLRASTIC COMPOMENTE“,Rnsz$

2910 IF An3s="BACKJF" THEN Caze_vyp

291S AnssVAL ANz ¢

ha
Regll=sVALSCINTOCYAL [ CaseflRagl,Ragllosly MAD 23
ha ! END OF Case_cha




BORRDS .. DRTA IHFUT FOR THEPMELE::

2%20 IF (Ans ©> AND “Ans<Mreg+lr THEN 2935
292S GOSUB Errin ’
2930 GOTO Mcire

2935 IF Ans=Nreg THEN Plas

2949 FOR 1=1 TO Ans

2945 Ans$="NULL"

2950 INPUT “ENTER THE FREGIOH NUMBER THAT CONTAINS A FLASTIC COMPOMENT,AnzS$
29SS IF Ans$="BRCK_UF" THEH Mcere

2960 Regl=YAL ANz $>

2965 IF (Regl>9s AND «Rezgl: Heeg+el) THEMN 2330

2570 GOSUB Errin

2975 GOTO 29%0

29%9 Cazz§lRe3l Fagl)="1"

298S NEXT 1

2990 RETURN {END OF Moere
2995 !

3090 Mplas: SE="MRAJORITY PLASTIC ... BPECIFY WHICH ARE CERAMICH
3005 GOSUB Pagzhead

3018 FOR I=1 T Hreg
30135 Cases(l,I1="1"
3020 MEXT 1

3025 Anzs=x"NULL®

3030 INPUT “ENTER THE NUMEER AF CERAMIC COMFONENTS',An:zs
3035 IF Ans$="FACKUP" THEH Caze_tup

3040 Ans=INTC(YAL ANsED

3045 IF (Ans 0> AND ‘ANz Nregels THEN 3053

3050 GOSUR Errin

3855 GOTC Mplas

30€9 IF Anzstireg THEH Cere

3063 FOR I=t TO Ans

3070 Anss="NULL"

307S INPUT “ENTER THE REGICH HUMSER THRT CONTAIME R CZSAMIC COMNFOMENTY ANz
3030 IF Anz$="BACK_LUP" THEN Mplas

3983 IF (Re31>8> AND <Regl ureg+l> THEH 3109

30%0 GOSUB Errin

3095 GOTO 307°S

3109 Caze¥[Rej1,Reqll="p"

3183 NEXT I

3110 RETURN { EHD OF Mplas
3115 ¢

3120 Anyit ERCH REGION MUST HAWE IT“S DIP SPECIFIED

312% FOR I=1 TO Hreyg

3128 IF (ltypecIda1) OR ‘lrvopedl3>10 THEHM 31693

313S DISP “IDENTIFY CRSE TWFE FOR REGIOH #°31;“<EMTER | FOR FLASTIC RND @ FO
R OTHER)";

-3140 INPUT Cazes$ll,11]

3145 IF (CazesCl,I11="1")> QF <Cazsd(I,11="Q") THEHN 31£2

3150 GOSUB Errin

3155 GOTO 3123S

3160 - NEXT 1

31€5 RETURN . 1END OF #Any
3170 !

3175 Wha*_now:! THIS SECTION I3 THE FIMAL SECTICON

3120 SE="UHAT HOW 2

3185 GOSUR Pagehead

3190 PRINT ‘Yo have complsted one cuele through BOARDT and have the follaw
ing opticns:"

3195 PRINT LINC1»,TRE<1Q, "1, FEFFORM THERMAL ANALYSIS OH “jHamedi" WUSING THEERN
L.”
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3200

ARD. "

3209

BOARDS ..

DATH ITHPUT FOR THERMELE!

PRINT LINC1),TREZ1@),"2, INFUT ANOTHEF CIRCUIT BONFD DESCRIPTION FROM »EVEQ

PRINT LINCIY  TABC1DY, "3, INFUT AHOTHER CIFCUIT BUAFD DESCRIFTION FROM MASS

STORRGE. "

3210
321s
3220
322%
3230
3233
3240
3245
32%0
32ss
3260
3255
3270
3278
3230
3285
3290
3295
3300
3305
3310
3318
3320
a22s
3330
32335
3340
3345
3350
3355
3369
3365
3370
3375
3380
3385
3390
3395
3400
3405
s

3410
3415
3420
3425

3430

ion paths."

PRINT LINCE),TREC10>,"43,
}

Ans§="t"

INPUT “YOUR CHOICE «1,2,3.4:",Ans§

IF Rnst*“BﬁCk_UP“ THEN FETURM

ANns=ARESCINT(YAL "Anz 8 )

IF Ans<S THEN 325%

GOSUER Errin

GOTQ 3220

ON Ans GATO Thermn! Fedo,Pede,Erde

Thermnl JDISP "WORKING LOADING THERML TO FERFOFM ANALVILE OF
LUAD "THERML", 3%

STOP

[}

Redo:
RETURM
]
Endez ! PRINT PRGE,LINC2GO
DISP “"WOFKIMG
GCLEAR

LOAD KEY "STDKEW"

END !
1

Pagehead:! THIS SECTIOH FLACES
PRIMTER I3 t#&

PRINT PASE, TREC2I=-LENCSE YT
RETURN
1
Errint!
BEEP
DISP "IHPUT JUT OF PRAHGE.....veeass TRY
WRIT 1583

EEEP

WAIT 1090

BEEP

RETURN

| EMD OF Erran
'

Leadze:GO3SUYB Error
Leadz:! THIS SECTION

TERMINRTE. "

Map=Ans

JOPACLIA  "HORMAL TEXMINATION *
LOARDING STANDRFD KEY DEFFIMITIOND®
END OF Khat _row
LESIRED HEADING ON A BLANK LFT

s

o

Ayteed MICHRECI3ZISSICHRS aet o owean LIz
!

END OF PRGEHERD
THIS LAD DATH

SECTION ALERTS THE UZER TO AN ATTENFT TO INPUT

AGRINY

ALLOME THE IMFUT 0OF THE HUMBER 0OF LERDS BETHEEN RESIIN
OM EFROR GOTD Leoad:ze
3¥="ELECTRICAL LEALS
GOSUE Pajehead
PRINT * ANl

OF OTHER CONDUCTION FRTH:E®

circuit board: have therazlly conductive material: applizd ¢

o their *

PRINT “surface 2ither in the form of #lectrical lgads or . thermal conduct

3437 PRINT “Heat will be transferred through thess materialz betuesn the regran:
L]

3440 PRINT "if there are conduction paths ‘rails) present, they wi!l havse a nuch
larger"”

34435 PRINT "erfecr than the electrical leads and the glecrrizal leads will be n2

glected

13




—)

L o s s

o

BOMRDS .. DATRA THFUT FOR TRERMELE::

3459 PEINT "1n the thermal mods!,”
3455 RAnzsa"N"
3450 INPUT "RARE THERE METAL COMLUCTION PRTH: FREZENT ‘M 2r Y)",Ans$
3468 IF Ans$="EALE _UF" THEN FETUFN
3479 IF UPCS Anz (1, 1) .="N" THEH Leads_size
3473 IF UPCSCANnaS(1,1) s y" THEN 34390
3480 GOSUE Errin
3485 GOTO Leads
3499 Ss="CONDUCTION FRAILS
349% ALE="CPU 5"
S99 GOSUB Pagehead
305 FRINT " Thermnal cornductiin ratlz ars much wider and thickeér than ths <le
ctrical”
3519 PRINT "leads plartsd onta ths circutt board., Tha thichknszss 12 zensrallo ur
form,"”
3515 PRINT "houwewer; the rail
ore"
3520 PRINT "necsszsaryv to define a zoncept of Conducrion Path Unit: (CFL 2y, The
rail wideh”
352% PRINT "will be modeled 1m teéerms of an 1mtsdse Aumnbar 3¢ CPU7z.  You will
be azked to"
3830 PRINT "input thse thicknezs 'mm) of 3 CFJ and the widrh w1l autcmatically @
efauit vo®
3529 PRINT ".1 mm such that a rail of wideh 1,7 mm can be madsted as 17 CRU 3.
3549 PRINT
3%4S PRINT For your conuvenisnce the thermal concdustiotrties ‘wat*: M-0 of
hree allows"
35S0 PRINT "commonly uzed 32 matirtal far carduction rarlz are Jroen Salsal, LIN
{13
3555 PRIMT “Al S8%2= 133,2 M- M-C ...... AL £101= 215,77 W-M-C .00 Cuw 1132 = 237
.8 WsM-C"
35€0 FRINT
3565 0lde=0
3570 Anss="1"
3575 INPUT "ENTER THE THICKNES® OF THE THERMAL SONDUCTIIN FATHE or OFU 3 mmo ", A
ns$
3526 IF Ans$="BACK_LP" THEW Lead:
3588 TI=RES(YALCANzEY
3590 PRINT “"THICKHES: OF CPU 3 = ";T1;"mm"
359S Anss=".1"
36806 1 INFUT “"EHTER THE WIDTH OF THE CPU 2z ‘mmd",Anss$
3665 IF Ans$="BACK_WP® THEM 3570
3610 WI=ARES(VALCANs §
3615 Al=-U12T1 'dd4sssssn HITE THRT THIS ARREM 13 MNESATIWE FOP CFU :
3620 PRINT "WIDTH OF CPU-3 = "sWY g tmm AFER FOR HERT TPANIFEP FEF IFU ="
=AY "ma 2"
3625 Rns$="133,2"
3620 INPUT "ENTER THE THERMAL CONDUCSTIVITY OF THE JONDUCTTIIN PATHS W M-CO" ,Rwzf
3635 IF Anz$="EACK_WUP" THEH 357E
3640 KI=RELCYAL ANz EY 0
364% PRINT "THEFMAL CONDULCTIVITY =";F1;"Wattz-i-Deg C"
3650 URIT 15¢9 :
3655 GOTO Leads_snter ! END OF CFuU
3€60 !
3665 Leads_zize!3r="NUMEER OF LERDS"
3670 GOSUR Pagzehead
3673 RAls="LERDS"
3€£29 PRINT Thiz zection of the program alldas rhe 2ntr of *h: 2iz2 and fan
ductivity of"

ars tuprtcally not of uniform width, [t 1z therat

tn
Ld

(14,
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3840 PRINT LINC1Y,"D) MGT USE k8 C(BACK_LP> KHILE THE HUMEERS OF “;A1sy" RPE EE

BORRDS .. DATH IMFUT Fie THEFRMELE!!

3633 PRINT "leads (traces? on the zurfaces of the crrcuit board., Theze act 3 bo

th"

3698 PRINT "elgztrical and thermal conductors bitween the regions. When entirin

g the width”

3693 PRINT "figure an average width for 311 the leads.,"

3708 PRIMT LIMcL.,” The thermal conductivity will d2fault 1o pure copper (324

Watts~M-Deg CO"

3708 PRINT “with ro antry,”

3719 0lde=9

3715 Rn3$=",0933"

3720 INPUT “ENTER THE THICKNESS OF THE LERDS TRACES® ON THE CIRCUIT BORRI < mm

*,Anss

3725 IF An3$2"BACK_UF" THEN Leads

3738 TI=ABS "WAL<ANz§ )

3735 PRINT LIMCLIY,"LERD THICKMESS 23TV "mm”

3748 Anst="1”

3745 INFUT "ENTER THE RYEFAGE LIDTH OF THE LEADS «TRACES: OH THE CIFCLIT EQRF

D <mm)* Anss

3758 IF Ans¥="BRCK_UP" THEM 3719

3755  WI1=RESCKYAL ANz § .«

3760 RI=WI«T)

3765  PRINT "AVG WIDTH GF LERD: = “;u!;"mnm ARER FOR HEAT TRANSFER FER LESD
‘";Rl;llmmAE“

3770 Anss="2e24"

37?5 INPUT “ENTER THE COMIDULTINITY OF THE TRACES “DEFRULT COFPER = 3S84uatts-M-d

€gK)",RAns$

3780 KI=MBI (VAL AN3E)Y)

3735  PRINT "CONLUCTIVITY OF THE LEADS UL Watrz MO :

3790 WRIT 1500 ;

3733 Leads_sgnter: SE=“NUMEERS OF "LA134" BETWEEN REGICOHZ®

3800 GOSUR Pagshe ad

3885 PRINT * Thiz secrion of the program 211ows the sntry of the numbis of th

e “"3;Als

3210 PRINT "that cros: each of the interna) regicon boundaries., IFf thezs ars on

both sides"” .

3815 PRINT "of the boaxrd add both numbers together, Th: flazhing crosz wil) maw

e to the"

3822 PRINT “approprirate locatism on the scrssen but ths graphics pisture will net

remain,*

3825 PRINT "If a hard copy of the graphics 12 needed for a guide, recall that k2

will”

3820 PRINT "provide onz, The picture will return to the screen whila the number

of ";RALS

3833 PRINT “iz labsled and the flazh.ng cursor will nows to the ne<t location to

be entered.”

ING ENTERED!"

3845 PRINT LINC13,"There will be corrgction opportunities later,"
3859 DISP "PREZZ CONT WHEN PEADY 70 START WITH FEGIOH #1¢

3855 PAUSE

3860 GOTO Leads_in

3865 Lead:z_labsl: ! HERE THE NUMEBERS OF LEADS OR CFU“S IS WRITTEN ON THE 3CRFEEHN
3870 CSIZE 2.9

3875 GRAPHICE

3820 LARBEL USING “k":H}

38835 PEN -1

3899 LDIR -PI

3895 LABEL USING "K";i!

(1%
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BORRKDS .. DATH INPUT FOP THERMELE::
3900 PEN 1!
3999 LDIR ©
3910 IF Oldex ‘Pl THEN MRIT $90
3915 RETURN
3920 Leads_ol3:C3I12E 2.5
3925 SE=“NUMEEFRT 0OF LEADS"
3930 A1S="LEADS"
3935 IF RI<B THEH ALE=“CFU 3"
3940 GOSUB Pajehead
3948 PRINT * This section of the proagram dizplav: the nuntars of lead: Crozz:
ng *
3958 PRINT “"boundarizs of regions by placing numbers on the 3ide: of the regions
that"
3958 PRINT "represent the tnfarmatrions storsd 1o "jMamsdi”.  (ou wrll e allowsd
to make"
39€2 PRINT “"corrections %o that information and re-store in on mass 3torage 1t r
equired."

3965 PRINT

3970 ! PRINT “If wou 32 not dezsre to view the 2ata concsirnyng runber of leads,
enter any

3975 ! PRINT "number betore vou press LONT .

3930 DISP "FRETZ CONT WHEN RERDY TN VIEW DATA *

3985 Leads_1n: FOR I=1 TQ Hraeg

3930 J=1 ! HERE I3 ECQTTOM OF THE REGIOH

3995 GRAPHICS

4008 IF I+NxrisHreg THEH 4025

4995 NI<J,1i=N1=0 ! HERE IS EBOTTOM 0OF THE BOARD WHERE CONMNECTORS Wlobl G
4918 MOYE X I>,¥(1l:=,45%Hr

4915 GO3ZUE Leads_label

4022 GOTQ 4:eS

4025 IF (leypecId< 19y OF wlropecl+Hrio>19) THEN 418249

4030 MOVE X(I)+.32«Lr,¥{I}=,.45+Hr

403%S [F 0D1de<, Pl THEN 3859

4040 HI1=N1CJ, 1D

4045 GOTO 49229

4950 POINTER Miln+, 22+4Lr, 77 10=,.4%+Hr,2

4055 WAIT 2906

4968 DISP "ENTER THE HUMEER QF “;
3" AND “JCHREC132); I+Har; CHRE(1ZS)
4065 IHFUT M1

4079 NI=AB3(H1)

407% MNICJ+2,I+Hxrs=HY o ], 122
4020 GOSUB Lead:z_label

4035 MOVE XC(I+Nxr)+,32+Lr,¢(l+Merd+, 42=Hr

4098 GOZUBE Leads_labe)

4095 GOTO 4189

4198 MOVE ACI),vOI)=,4%5+Hr

4105 IF Olde<s Pl THEN 4129

4118 NI=HI1C(J, D

4115 GOTO 41%9

4120 POLNHTEF “C(I1),¥Y(I)=.4S%Hr,2

4125 WRIT 2999

4130 DIZP "ENTER THE HUMEER QF "jR1$:" EETHEEM FESIOQNS "iCHRECISZ2YIIICHRE 1L
3" AHD " CHREC132);I+NxriCHRE1ZS

4135 [NHPUT M1

4140 HMNI=ABS(MH1)

414% NICI, IosH1CJ+2, Tebirp =)

4150 GOSUE Leads_label

o

Al%;" BETWEEN SECIONT  ";CHRECI2ZMIIICHRE(LZ
’

e

1€>
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BORRDS .. DATR INPUT FOR THERMELE:

4185 MOVE K{l+Mar) VC(I+Huri+,d42¢Hr

4160 GOSUB Leads_libe)

4165 J=22 ! HERE I3 FOR RIGHT 2IDE OF REGION
4170 IF 1 MOD Mxr<30 THEN 413%%

4175 NICZ, I =N1=d | HEFE 13 THE RIGHT SIDE OF THE BORRD

4180 MOVE R{IDe,d42<Lr,re I

4195 GOSUB Leads_lao=l

4199 GOTO 4340

4195 IF (leype(Id< ) O (Qlevypsdl+1 2790 THEN 4270
4290 MOVE NOI)+,.425Lpr,7 1o=,32Z<Hr

4205 IF Olde<:FPl THEN 4229

4210 NI=N1CJ, >

4215 GOTO 429

4220 POINTER Xcl)+,342<¢Lr,¥Yu10-.224Hr,2

4225 WALIT 2900

4239 DISP “ENTER THE NUMEER DF ";A1$;" BETWEEN REGIONS

3" AND “;CHRECIIZH1+1ICHRECLIZR::
4235 INPUT NI

4240  H1sREE(NY)

4245 N1CT,I>=N1CT+2,1+10=N]

42590 GOSUP Leads_labs!

4253 MOVE KC(I+13-,42«Lpr, ¥ (l+1o-,22Hr
4260 GOIUB Leads_label

4265 GOTOQ 4339

4270 MOYE X(ID+.42s#Lr,c1)

4275 IF Olde< Pl THEHM 4239

4280 MNiI=NI1C(J, DD

4285 GOTD 43185

4290 POINTER X(Ils+.32<br,v<1,,2
4295 WRIT 2009

4300 DISP “"ENTER THE HUMERER 0OF “{A1®!" BETWEEN FESIONS

3" AND “JCHRICIZZH I+ CHRECIZE

4305 INFUT M)

4318 NI1=ABSHI1)

431S GOSUB Leads_labe!

4328 HICJ+2,1+10=H1: 7,12

4325 MOVE Xol+lo-.42%Lr,YCL0

4320 GOZUE Leadz _1abe)

4335 J=3 | HERE I3 FOF TOP3 OF EACH RESION
4340 IF I>Nxr THEH 3369

4345 NICJ, I>=N1=9

4350 MOVE X(I),Y(I)+,42xHr

4355 GOSUB Leads_lace)

4386 J=4
4365 IF (I-1) MID Nxr=9 THEH 4375
4370 GOTO 4390

4373 NI1CJ,15=N1=0

4380 MOVE KCIo-.4Z#Lr,Y(1>

4335 GO3UB Leads_label

4390 HMEXT 1

4395 GRAPHICS

4490 MOVE 169,130

4495 LOPG 6

44198 CS12E 3

4415 LABEL USING "k"i"# OF "%A13
4429 DRAW M(Hxr)Y, ¥ (N«rie+Hr /2

4425 POINTER 9,8,0

44390 WAIT S@40

<1?)
110
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BROMRLDS .. DARTA THPUT FAR THEPMELEY

4435 EXIT GRAPHICS

4440 RETURN

4445 Leads_chaw: SO3UR Error

4450 Lead:_cha! SE="CORPECTIONE TQ HUMEBER OF “LALE

4455 ON ERROR GOTQ Leaas_chae

4480 Check =0

4465 GOSUB Pagehead

4479 PRINT You may now make corraction: to the numbirz ofFf "jRALE}" crossing
the boundaries."

4475 PRIHT “Recall that k3 will provide a hard capy of ths jraphics (f needed
while k2 *

4480 PRINT "will return the graphics picture to the scréesn for vizual checking,
L]

448% PRINT

4490 PRINT "In responce to the prompts below, INPUT FPseg #, Reg &, CORFECT & OF
"SALS,LINCE)

4495 PRINT "IF THERE ARE NO CHRHGES FRESI CONT EEV WITH HO INPUT,®

45¢3 LORG S

4585 IF Check>»d THEHW BEEF

4519 IF Chech 9 THEH PRINT LINV3),“CHECK QWER THE FIGUPE, '“JU HAYE MALDE AM IL
LOGICRL CHOITE OF REGIOQH3."

4515 Check=Check+!

4520 Regl=0

452% DISP “REC % , REG # , CORFECT # OF “j;A1$;

4539  INPMT Fegl,Peg2,Hzunl

4535 IF Regl=0 THEHM PETURNM

4548 IF (ReglsMregr OR (Rel2 Hre3. THEH 44
4%54S IF Regi>Regl THEM 454%

4550 Dum=Rege

4555 Reg2=Reqg!

4560 Regl=Dun

4565 J=d

4570 IF (Regl+!=Regly RHND (Regl MOD Nxr-»8: THEH J=2

4575 IF Regl+Nxr=Reql THEH J=1

4580 IF J<(>0 THEN 48%%

4585 EXIT GRRPHILCS

4590 S$Es“ERROR IH CORRECTIONE"

4595 GOSUB Pagzhsad

4600 PRINT LIMNCSY,3FACSy," THOZE TWI REGIOHS D0 NOT COMMEIT TRY AGRIN®
4€05 BEEP

4610 UWAIT 2599

4613 GOTO Leads_cha

4620 ! HERE I3 THE CORFRECTIOH SCHEME

4625 Lwads_erazée: FEN -1

4€30 COSUB L=zads_labe!

4635 Ml=Ngwn!

4640 PEN

4645 COSUR Leads_1abel

4650 RETURN

4655 IF J=2 THEN 4745

4660 IF (Itupe(Reglddx1a) OR (ItypedRagly- 210> THEN 470%

4665 MOVE X(Fgglo+,2o¢Lr,V(Regl-.45#Hr 4
4678 MI=NI (S, Reql)d

4673 GOSUR Lesds_erase

4630 MOVYE X /Fegli+.22+Lr, ¥ Pegl +.42%Hr
4685 MNI=NI(J+2,Regd:

4630 GOSUB Leads_eraze

4693 NIC(1,Regldsll i, FPeglrsNewn!

i (13




BORRDS ., DATA THFUT FoR ThEFMELED

4790 GOTO Leads_change

4705 MOVE Pegl) v Fegl ~.4%eNr

4710 Nlsplc) Regl>

4718 GOSUB Leals_eraze

4720 MOVE X Re3l.,  Rigl e, d2eMr

4728 NIsNI(Jel,Fe9l)

4739 GOSUB Léads_<raie

4738 NV, Fagl =t Sel  Fagd vatiguni

4740 GOTO Leads_cna

474% ! HERE ME RFE T4 CIRRECY THE FIGHT :1UE OF FESICNM:
4750 IF <lvipe-Fedl . 9 QR ltepe Faglic 3¢ ThREN 479%C
4755 MOYE X Fagi e dlebr, 7 Psgl -, ScvHr

4768 Nl=nicJ,Regi

476S GOIUB Leads_erasié

4770 MOVE X(Rag2 =.dlelr,( Fegli -, cavAr

4778 HIsNIC(J+2, Re3d:

4730 GOSUB Leads_vrais

47385 Nl(J,Figlrsnlv]'2.F492-=N4un1

4792 GOTO Lesds_charge

479% MOVE > Fagl. .+, 42=sLr,  ~Feg!

4800 Hl=aNI(J,Fagl)

4805 GOSUR Leals_eraze

4819 MOVE - Pegl —.<l¢lr,YV Pegl
4815 NI=sN1CJ»2,Fe3d

4320 GOSUE Leads_drase

4828 MNI(J, Re3loanl: 2, Rl 3tis.n)

4839 GOTQ Leads_cha

4325 Tampin: VOTHIT SECTICN INFUTI THE »HGME TEMFEFATLRED T8 RILEZFRL OF CSLEMENTE
4849 ENIT CRAFHICS

4349 SE="TEMPEYRATUFES JF FOKER LE“ELY OF JOMFOUENTL®

43S0 GOSUB Pajereal

4355 PRINT ¢ The thirua) mode) uzed By thil Progdram R3iumel €3Ih I2nponent 0

be a heat"

48E0 PPINT “source for wunitch the user 3pEc1F1E3 &1°hdr THE B 1 an T4l on " dne
erature or"

4365 PRINT "the rate of heat JEviratton wrthirn that comoongnt,  WHen *he w3 Yoo
Juncrion®

4270 FRINT "tamparaturd 12 3pecifi€d, thd mE tmum ITEal3: 5t at€ pluer ‘¢ ¢'F ard
calculated.”

4875 PRINT "UWhen the rars OFf power J181pat10on 13 specified, the stead, sTa% & un
ction®

4220 PRINT “tgmperature: are caloulated,”

4885 PRINT

4890 PRINT "The program us4l the component urface temperarturd 1n *he Tharmal o
del and *

4895 PRINT "thergfors requires % cage to Junificn théraal restgrance Ry o) Fon
ever,"

490Q PRINT “1f zero 13 apecif1ea theén the surfacs temperiture 13 Rifumed 1o be ¢
he same asg"

49065 PRINT “the junction tamperature. WhHEn CoOmponents IRan tuo rez1ini, entdr h
alf the *

4910 PRINT "componzn® power for exch region.”

4915 PRINT LIMCL)," Al entrie: must be 1n Deg € or wart: and a9£3 C
4920 IF Oldes 'FI THEN 4935

4925 DISP "PFES3S CONT WHEN READY TO YIEW THE DATA FRCM " CHRE 122 1HNanesiChRE
128>3" FOR PUSSIELE CHAMNGES™

4939 PRUSE

493% GOTO Temp_cha

~

Warts.”

<13)
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4940
4943
4959
49SS
4960
4959
4970
49?9
4980
4989
4999
4993
S000
S08s
S0l
S01S

BORRDS ..

LATA THFUT FOR THERMELE "

!

Ang$a~ 1"

MAT FOwsIEF
MAT T =ZER
MAT R) csJEFR
INPUT "D 0y DEIIFE 7O IFECLFY
IF An3Bs“ERCH _JR" THEN FETUFN
AnssYRL(ANS S«
IF (Ans=1)> OF
GOSUB Errin
GOTD Tempin
IF Anas]l THEN Flu_1n
Tewp_rniTen_301s9 REFE
82 TNPUT OF TUNCTIIN TEMSCFRTLFES"
SUSUEB Pajereald
PRINT Vo

“Ansss - THEN 4339

tO Ccase”

3020
htle
S02%
$839
$03%
Sed4e
50483
So%e
30%%
3059
S06S
SeTo
%07s
$03¢9
$e3S
$99%¢@
3098

ction

3109

PRINT “trernal
antering”
FRINT "the aara,”
FRINT LIN 3,
PRINT ¢ 1 TlfI'
FOR I31 T2 krej
IF ltype ] =0 THEH %00
DISF “FoF ELEMENT In &
INPYUT T 1 F1 21
PRINT kA1 1, T3 1 f) o0 D>
Tyl =T c1r+27T3
NEAT I
GOTY Temp_ucnu
Powu 1tn: Tew gols}
SE=" INPUT TF
GUSWE Fagerca
PRINT
to”
PRINT

rejritancd cdeg CouWare o,

HERE INPLT POUEF
IOMPONENT FOWER LEELS”

“"cake tnarmd) réiritancds

le enterrng”

$16S
St1o
S11S
S129
S12S
S130
5138
S140
S148
Si1%0
351
S160
5163
3179
S179
S1¢g0
c18%

PRINT "the data.”

PRINT L[ 7.

PRINT * 4
FOR =) TQ nreg
IF Itype.l =0 THEN $140
Dlp
INPUT Powels f) (D)
PRINT SFR. 1+, 1 Pow'l Py eI
TJCl)=2?3
NEYT |

GOTO Temp_chs

1]

Powd ]

Temp_chad: GOIVUE Error
Temp_chal' THIS ZECTION RLLOWS CHANGES
SE="DATA FOR "tFrztibls

GISUE Pagehead

FRINT The data 113t¢d Balou

specified.”
S1%0
$19%
$290

PRINT "PECI N # Tiure *Dageo

FOUEF (E™

InFuUT TEMFEFRS.

are Now ENtEring Juncton

cdez O

"FOR ELEMENT [N FEIION #"J14"

ard the

Poowgr

'ELE 1 QR OTEMPS (2 CY,HAnsS

TUCED WILL FCLCE FOR POWEFRS LRTES

cimperatare: c2eg T oand gunct i

Do rdr wie k0 CBaCk_up ' Iptran e

Ry cr13 .

L]
SIIOHCJTITENTER Thunc Ry o'

¢ END GF TEMF_IN

-EELS WILL SZLVE FOR TEMFERRTLRE:

“
Vo Are row ENLEriNng COoOmPpoTRnt pouer J1igipation (Wate o arnd Jun

Hatr oo Do nar use k3 CRadk _ap vk

R) s "

EHTER FPow 1Y, Ry cClv"g

* END OF FOW_In

TO TmE TEMPS P POWER LEVWELS

current valaes for the carvables

‘liattsr Pogie-) W0

FOR I=1 TN Nregy
PRINT TAB(Z:,1;TAB 17,7} 1

113

~STFIITAR 33 Fow ]

R T XN S HCEN I




BORRDS .. DATA INPUT FOF THEFMELES

5209 NEXT 1
$210 PRINT LIN'D)
$21% [F ShipsP[ THEN COTY %333
S229 PRINT “Use r*he DISPLAYT up-arron OR Jown—-arrow to move *the dats 113% &3 requ
ired”
82295 Check=Q
$230 Angg="D"
5239 INPUT “AHY CHANGES * INPUT FEGC & IF YES CR PRESS CONT FOR HQ CHANGES",PAns
s
5240 IF Anss="EACH _UP" THEN Teaptn
§245 Regl=INT(VRL AN
S259 IF (Regl>~1) AND -Fegl Mregel> THEN SI£%
$25% GO3SUB Errin
$2608 GOTO S22
8255 IF (Regl=d: AND Check=)d. THEH Hard
$270 IF (Regl=d: AHMD ‘Check- . @: THEH Temp_cna
527% DISP "TO CHAMNGE YALWES [N PEGION #";FRegl:
8280 Checks=]
S283 IF Tem_sol=l THEHM DIZP "ENTEF Fower , Pj_c";
$290 IF Tem_3o1=d THEHN D1%RP “ENTER Tiunc . Fj_c“i
S29% IF Tem_sols=l THEHN INPUT Pouc®eal  R;_z:/Regl.
$380 IF Tem_:ol=d THEN [NPUT T) Ragtl Ry _co Fagl:
$308 IF Tem_1o1=) THEM T) Regl 3T ) Fegl +273
310 PRINT LIN(10,TRED),Psal TAEC1T, T Feal ~2T3ITAE 33 ,PowiFegl (i TRE 43 P}
_c(Regl);" *#5% CHRANGE <ee~
$31% GOTD Sz39 ! END OF TEMNF_THRA
$320 Hardl! THEIS ZECT QM PFINTS A COFYW QF THE IKPUT TATR IF FENUESTED
$325 Ansss“N"
5330 INPUT "DOD vOW DESIRE A PRINTED COFY LF THE DATR REZOVE M or v ',Ansg
$33% IF Ans$="BACK_UP" THEM Tamg_:ha
5340 IF Ansfa“N" THEN RETURN
S348 FRINTER IS @
S350 Ski1psPl
$35S5 GOTO Si3@
350 PRINT THRECI=-LEN. "THE APOYE DATR IS FIP "uPrctiolf. I.,"THE ®EQVE DRTA [T F
OR ";Picetlbls, LINY>

$36% PRINT “BOAFD LENGTH ‘Jdefirned along arr flouwtr=z" B3l "um HEIGKT ="
Bdh; "mm",LINCL)
9370 PRINT "EBOARD THICHHESSa";Thick_bi"um CONDUCTIVITY =

KB "Watts/M=-K"*,LINCD)

S$3?5 PRINT “THE BOARD MOLEL AIZUNES "3R1IE;" AT COGHIUCTION FTTHE WITH RH ARER OF
"sABESCRYDS " mm 2% LIN. L

S330 PRINT “THEFMAL CONDUCTIVITY OF THE “;R18;" =";K1;" Hartrs. M=C"

$385 PRINT

"TLTHCD)
$390 PRINTEP IS 1¢
$395 RETURN N I END OF Marg
400 !
5403 Stowe! GOSUE Erreor
S410 Stow! UOTHIS SECTION PLACES ThHE DESCRIPTICH OF THE CIRCUIYT BORED ON TARFE

5415 ON ERPOR S0TC Stowe

5420 S#="RECCPD BUARD DESCRIPTION OH MRIS STCRAGE"

$42S GOSUR FPajehead

$430 PRINT fou may record all the darta concerning the circuit board on any
avajilable”

$435 PRINT “mass storage devrca, This allows ant uzer *3 retrieve the dezirptt
on at some"

$440 PRINT "later time vithout 'he need to 1nput all ths derails, Thi: optiar o
ccurs both”

(21>
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5445

3450
.

5433
$469
3465
$470
5430
$48S
3439

5635
S640
5645

5€33
$660
3€65
5670
3679
S680

5659 PRINTER I3 16

BOARDS .. TATRA INPUT FiIFf THEFMELEX

PRINT “before and aftir the rhermal analvzis, Entér Jestred 3ata ¢1le na

me below,"

PRINT “be sure to 1nClude the mass storage untt spesifier 1f not the defau)

PRINT "“For erample (Ti4 , F2 , Y12 etc.*

Ans gzt y"

INPUT "D YOU DEZIFE TO RECOFD THE DESCRIFTION DRTH <% or N™"" Ans§

IF An:$="BACK_UP" THEH FET.PH

IF UPCSC(AnsSl1,1) s H" THEN SETUFN

IF O'de<:Pl THEN SS0S

PRINT LIM(S),"THE FFEZENT DESCRIPTIVE TITLE FGR THST EBOMRD I3 " CHRE- (I1 5P

ictIDIS;CHRI LS,

$49S EDIT "CHANGE THE TITLE OR FRESS COMYT WITH NO ENTRY FOR NO CHAMGE.“ . Fr:lb
s

3500 IF P!c!lblll"EﬁCF_uP“ THEN 3Stow

5505 Anss=Names

S$S10 EDIT "WHDER WHAT NANE DO ¢OU DESIRE TO ITORE THE DATA « :hangeé balows ™", Haus
]

5515 IF Nawme$="BRCK_UP" THEN S433

$520 IF Mane$=RAn3k THEMN SS5a

5525 fAnsgan vy

$538 DISP "DOEZ R DRTR FILE WITH AT LEAST";40-Nreg+Sda; " BvTES ENIST UWDEF THAT
NRME (7 or NM*";

5538 INPUT Rnss

SS4Q IF Ansg$="BAC,_UP" THEN SS9

5S4S5 IF UPCS(AN3Sli,11:=""" THEHN $559Q

53%0 DISP "WORKING CREATING DATA FILE FOR ";Name$:" THAT I3y 4QeHrageddd) "B TE
€ IN SIZE"

SS555 CREATE Mamed,1,49-Hregesoy

5560 ASSIGN %% TO Nanes

$563 PRINT LINu3,, "WIFH ING WRITINS BOGARD LESCRIPTION OF TIVFrctib ey O MRS G
TORRGE"

$579 DISP

S57S RERD %,

53580 PRINT #S5;Hames, Pict1b1f, Cas28, Bdl,Bah, Sca,Nur Mor Hre3, Thick B KEAL, v, Tz
so! -

$53% FOR lxg T MNrig

SS90 PRINT w5 lr o1, KD, (1), Ty415,FPow 1 ,R) ¢ 1>

$59% FOR J=1 TO 4 -

$60@ PRINT #%5;MI1CJ, I

$68S MEAT J

$S610 NEXT

$615 PRINT #5;END

S€20 ASSIGH #S TO «

5625 PRINTER IS 9

5630 PRINT LINZ2),"“THE CIRCUIT LISTED BELCW 13 STORED UNDEF THE FILE HANE “:iiwFs

€132 NHame 3 CHES (123

PRINT LINC2) 3PRZS:,Pretipt s, LINCDY
PRINT 3PR(2%),"SAVE FOR YOUP RECORDS"
PRINT »

 *TIN2y

DI3P

RETURN

Errory i

BEEP

WRIT 390

IF ERFNaSE THEM Err_nane




BOARDS .. DATA INFUT FOR THEFMELE

8638 PRIMNT LINuIo ) (SFRACLON, "ERFOR NUMBER“EFRN; "HRS OCURFED 1IN LINE " EFRLS". PR

ESS CONT WHMEM READT™

3690 DISP

$698 BEEP

$700 PAUSE

$705 RETUFN

S?te

ST1S Err_name: ! TWIZ ZECTION FOF IMPROFEF FILE HAME

57229 PRINTER I35 145

$729 PRINT PAGE

$730 Mausds“TEFAULT MAT: ITHRAGE"

S$?735 FOR 122 10 LEN-Mawed

$?49 IF Nawes{l,1)=":" THEN $7SS

5745 MEXT |

3799 GOTO S*T9

7SS MsusssHanesl ]

S$?60 CAT Msuss$

$76S GOTO $77%

S?70 CAT

ST?S PRINT LINC2Y , CHFS 132  stama 801, I-13;0HFE 1220 13 NOT on "jMzuzsi" witn th

at 3pelling.. ... 00” ;

S$T89 PRINT LIncly,"CHETH JYEF THE DIFECTORY ABOYE FOF COFRECT NANE. . vviesvenaan
L]

$78% DISP "PREZZ CONT WHEN READV"
5730 PRAUSE
5795 RETURN

116
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APPENDIX D
19 ! THERMU vess . THERMAL AHALYSIS PROGEAN FOR .o4as
< |
3@ !
40 | SBXPR4BPTCERRCLLRES THERMELEX PEET YIRS RS RS ER 24 ;
Se ! :
€8 ! A SYSTEM QF PROGRAMS FUOR THE HP 9349 !
7 !
€a ! T0 FERFORM THERMAL ArALYSIS OF ELECTFONIC CIRCUIT BORRDS
‘ 90 '
" 1O | 4444444048 0é sttt RetsRetecatlilitRRilittRsntsnidessbrsnthsncsigortrervidtofhoine
110 LI *
120 ) +
129 LI FREFARED AT THE MA*AL POSTORADURTE SCHOOL MONTEFEY, 2R *
140 1 # *
158 ! = R. A, FOLTZ LCDR U3SH *
160 1 e +
170 1 - {tH}] THERML |||} ceseees JUNE 1320 =
{E€0 | ¥s¢etsnsororciciftsrossrsilvibfiscdibassritrspbogtibnégotiabosbritrnrdaincsadrs
190

200 OQOFTIOM BRSE !
210 PRINTER I3 1¢
220 DIM SELTOY, Topes dils Maussl22],M1018029)
239 COM Map Mamed Fraor 01 LlT0, TazeslS2Y B Bk 3ca Thiok_D, Ten_s01,rE, A1,k
249 COM THORT iS@r,ve S0 T 0500 FowiSOr Ry _ciS30
2523 COM INTECER IrtupecS8r 3,90, ,Nar Hur iireg
2608 IHTEGER MNpini{1S>
272 SHORT A<y ,Re_condi S8 Re_conu(Sdl,Rrote _B(SAs,Prop_rdS@y F104,50,Feie S
) ,Fu_conucSay
259  SHORT Wia3e
299 SHORT Lec¢Sal
300 Map=INT Map)
? 310 IF (Map=9> OF (Map 3 THEN Dldpict
o Starz—ouer: OH Map GSOTO Qtapret, Thernal, Thernal
339 GOTO Oldpict
340 0ldpicts: GOSUB Error
359 1dparaet 1 THIS SECTIONN FETRIEVES A BOARD DESCRIFTION O4FF A MR:T STIRAGE JEY
ICE FCGR THE FURFQSE OF JEBUGSING THERMAL
360 OMN ERROR GOTO Cldpicre
70 UOlde=P]
360 S$H="EiAFRD DEICRIPTION FFOM MASS STARAGE DEVICE"
393 GOSUB Fagehead
406  PRINT * You have chozen to input ths ircuit board description in THERM
L directly®
418 PRINT “"from a masz ztorage Zavice. This program in the THERMELEX Svztem wi
11 MHOT ™
€9 PRINT "allow graphical Jdata checking and while fasrter, there i3 the chance:
that the" .
430 PRINT “"data iz incorrect, [f ywou dicide that it uauld be better ta check
he data"
449 PRINT “press K9 {RBack_up» and EDARDS will be loadea trom the DEFAULT nma
$$ Etorage unit,"

o ldr Lenzer ol
WeoS9  HediS0 T Sad, Tair S22  ACS0,€9, RS2, T SO

450 PRINT

453  PRIMT ¢ The data file containing ths baard dezcription must have begn 2t
ored by "

470 PRINT "thiz program. Entzr the data file rame below, be fure to Include th
e i3 "

430 PRINT "artarags unit apecifirzr if nesdsd.feg ITI4, 1F3,0v12 ercs”

439 PRINT LIM(L:," Do HOT uzs Qquotes”

1
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Sev

THERIML .. THERNRL RNALYS1S FOR THEFPMELE:.

EDIT "UNDER UHAT FILE NAME IS THE CIRCUIT EQARD FILED J‘change or entsr bélo

w)“,Nane$

Sio
$20
330
540
$58
S£0
7
sol
Sg@
$30
680
610
629
€30
€39
€50

IF Nans$=s"BACK_UFR" THEN $39

GOTQ S5

Maps=1

LORD “BOARDS", 1

ASSIGN #1 T Hane$

RERD #1,1

REARD #1jMNamzf,Fict D)1 ¥, Cazed,Ea),Badh,Sca,N.r,Hyr,Nreg, Thick_b, Kb A1 Kl,Tem_

FOP I=1 T2 Mrag

READ #151rops: 1o R0y, ¥CIo o yCld,Powd] Ry _cCl

FOR J=1 TU 4

READ #1jMH14T, 10

NEXT I

NEXT 1 ! END OF OLIPICT
]

GUTO Thermal

6€0 Thermala!: GISUER Error
679 Thermal: VUTHIS SECTION IS THE MAIN [HRFUT AND CALLING FOUTIHE

[-3-15]
699
700
710
729

ON ERROF GOTI Thermals

S$="THEFMAL AHALVEILE OF"

GO3IUE Pagehsad

PRINT TABCIT-LEHIFIctIbIED 2 s CHPELIIYIPIice IR SICHRE 1230 L IH D

PRINT " This sscrtian aziumes v ou have completely and corrsct 1y dezcribed

the board"

73e

749,
Recal
ka1
to ri
7€3
f the
779
789
790

PRINT "rrzalf., You will be azshed questionz foncerning QHLY the enuvironmsnt

PRINT " The first Jquestrcon: are concernsd with ths ceoling air zupelo,
b othe®

PRINT "dhrsction of a1r flow on the graphics picturs i3 aszumed to be Tefe
ght."

PRINT "The <clearance betusen the board:s t3 wied to determine the wglacity o
PRINT "cooling avr,. ", LINCD)

Anst="2a"

Hap=9g

800 I[HFUT "ENTEF THE IMLET TEMPERATURE OF THE COOLING RIF 7deg C1",Anst
819 IF Ans$="ERACK_UP" THEM Ztart ouwer

820 Tair=vAL Ans§. -

830 PRINT INLET ALIR TEMF Tzir=";Tairi gsy C"

243 TairaTair+273 tALL CALCLILATIONS DOHE IN RESOLUTE TE P

850 An3d=", 000S"

8€0 IMNPUT “"ENT:ER TRE RIR SUFPLY PEF BOSFD ‘M Z-SEC)",Anzs

8§70 IF Ans$="FACK _UF" THEMN Tharma)

889 FairsVAL(ANz§)

€99 PRINT * FLOW RATE OF AlR=";Fair;" "M 3 -Sec"

990 FAnss="1%,24" .

919 IHPUT “ENTER THE DISTAHCE FROM THE FACE OF THE EBOARD TO THE HEXKT QBJECT - nm
d*yAnzs

928 IF fAns$="BACK_UP" THEM 72d

939 2b=VAL(ANzS$)>

942 PRINT *® BOARD SPACING=";2b; "nm"

99506 2Zb=2Zbe.0al

950 AnsEs"HULL" *

978  INPUT "ALL COK?..FRE33 COHNT ANY ENTRY FOLLOWED BY COMT WILL ALLOW REENTF
Y OF RLL",Anzs

980 IF Anss="NULL" THEHN 19n9

(2>
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THERML .. THEFMAL ANALYSIS FOR THEPMELEX

999 GOTO Thermal
1800 SEa“COMVERSENLE CRITERIR"
1019 GOSUB Pagihzad

1829 PRINT Convergence 13 1ndicatad by 3uccessive itter&tions that result n

element ™ .

1039 PRINT “"tampe~atures that differ only by some 3mall amount. Each 2lement te
mperature*”

1049 PRINT "i3 compared to that 20tainged in 'he previous t1trtegration and i1f the |

argest”

1952 PRINT “difference i3 le33 than a maximum specified errcr, results are print
ed. "

1069 PRINT ) ’
10?8 PRINT Tupircally two or three itterations result 1n a maxinum d1fference

on the"

1088 PRINT "ordar of one degres zentigrade when 30luing for temperaturss and fou i
r or five"

1990 PRINT "i1tt2rarions will rezult in a maximum diff2rence on the order of .1 W
att when "
1190 PRINT ®“30lving for powarsz.,”
1118 IF Tam_sol=al THEN Anz:§=",S"
1120 IF Tem_sol=@ THEN Anz¥="1"
1139 IF Tem_szol=1 THEN [HFUT “ENTER THE MRMIMUM DIFFEREHMCE BETWEEM ITTERATIONS i
deg C)> DEFRULT=.5",RAns$
1149 IF Tem_30133 THEN IHPUT "ENTEZR ThE MRA.IIMUM FERCENT CHANGE BETWEEN ITTERRTIO
NS (Matt) DEFAULT=1%",An:zS
115@ IF An3$="BACK_UP" THEN Thirmal
11569 Errmax=ABS(YALWANS:
1170 GOSUB Databaze ! THE FOLLOWING LIMES FORM THE MAIN CALLING FOUTINE
1180 GO3UB Cal:v
1198 GOSUB Calst
1208 GO3UB Cal:_air
1210 GOSUB Cale_:t
1220 GOSUB Calc2
1230 GOSUB Detug
1240 GOSUB Solus
1259 GOSUE Uritsz
1260 IF Bomb=1 THEM 1238
1270 GOSUB Ourput
1280 GOSUE What_now
1299 IF Map=9 THEM 5070 Thermal
1309 GOTO Oldpict
1

1310 !

1329 ! END OF THE MAIN COMTROL SECTION QOF THE FFOGFAM THEFML

1338 !

13490 | #es2s48REDATHRACE csesroes
1352 Databaze: ! IN THIS SECTIOM MANY OF THE CONSTANTS W3ED IN THE CALCULATICHD
1359 ! RARE READ IN FROM THE DATA LINES BELOW

1379 DISP "WORKIMG OM MOM-CHAMGING FAFAMETEFRS"
13890 PRINT PRGE

1398 Axpin=4.,3E-7 IX=SECTIONAL RARES FIR PINS "M~ 2>

1489 Aspin=1E-% 'SURFRCE RRER FOF PIN3 WM 20

1410 Beta=3.33E-3 tYQL CQEFF QF EPR, AIR vl deq Kb AT 399 dsiq K
1420 Cpa=1,QQ8E2 ISPECIFIC HEARAT 0OF A& FHATT=ZEC. hg-de3 b2
1439 Dis=.001 'AVG DISTANCE FeO™ FOTTIM OF DIF TQ BOAFD

1449 Eps3b=.3 VEMMISTIYITY QF THE Z0RFACE OF EORRD

1450 Epsze=.9 TEMMISIVITY OF THME DIP 3SUFFRLCE

1469 G=9.31 'GRAVITY (M-Sec~2>

1470 Gnu=1,534E-S IKINEMATIC YISCOSITY AIR  (Me~2-Sec)




e ——

o ——————— .

1480
1490
1560
1519
1320
1539
1S40
13559
111
1570
1580
1590
1609
1610
1629
1630
1640
1630
1660
187

1632
1699
1700
{710
1720
1739
1749
17%0
1768
1?79

THERML .. THERMARL ANALYSIS FOF THERMELEM

Hecs=,093 THEIGHT OF CERAMIC DIP PRACKAGE ~<+exew { check
Heps.905 'HEIGHT OF PLASTIC DIP PACKRAGE s»vwsiwe ll])lll CHEDK
Ks=$53 ')THERMAL COMD OF ITEEL VWRATTS M~-deq b

Kairs,928 ITHERMAL COND OF RIF (HATTE M-8a3 ¥, 309 deg K

Kpin=334 ITHERMAL COND OF PIHs CWRTTS/M=-dag K>

Lpin=,80zS VAYE LENGHT OF FIn WMy

Mu=},333E-9 TDYNAMIC WwISCQASITY 204 K (Kg-M=-3ec)

Pr=,?703 IPRANDTL MNUMBER (AT 380deg K

Rho=1,1774 IDENSITY OF AIR AT 290 K (K@ -M~3D

Si1g=%.67E~3 ISTEFFAN-BOLTZIMAN (WM 2-deg K4

Itr=p

RESTURE 1239 .

FOR I=1 T 13 ! THI1% RERDS THE CRIE WIDTHS FQFP EACHM T/PE

READ Wideszar D

NEXT 1

DRTA ,25,.72%.,.2%,.229..55%,1.25,8.9..8.1,.12..2%,.43,.72 t ALL IH INCHES
FOR I=1 TO 139 ! THIS PEADS THE CATE LENGTHI FOR ERCH TYPE

READ Lenser <D

NEXT |

DATA ,725,.25,.235,.2%,:,.%55,9,0,1,.6,.13,.35,.48,.72 ! ALL IM INCHES
MAT Widezer= 28, d2+ll1025e1 ! CONVYERT T3 mum
MAT Lenset=02S,. 4rel2nser

FOR I=1 T3 14 ! THIS READS THE # OF FINS FUOR ERCH TVPE

READ Mpin(las

NEKT I '

DATA (4,14,18,12,24,24,9,5,29,20,16,24,43,54

FOR [=9 TO 14 { THIS RERDS THE CRYE LRARELS FOR EACH TYFE

READ Tupes<l)

NEXT I

DATA EMPTY,DIP 14,DIP 14,DIP 15,DIFf 16,DIP 24,DIP 24,MULL,NULL,DIP 44,DIP 4

O,FLATIE, FLATZY,FLATHD, FLATSY

1720
1799
1809
1810
1820
1830
1848
18350
1860
187e
1230
1230
1990
1910

-192@

1938
1940
1950
1969
1970
1989
1998
2800
2010
2029
2038
2049

FOR I=1 TQ Mreg

IF Isopedclo=d THEH 1239
Le(lr=Lenzer. Jrupsd oy
WedIs>=Wi1dezet Itupeils)
GOTO {S49

Wedld=Le )=

NEXT I

IF Tem_sol=1 THEN MAT T
IF Tem_s01=2 THEH MAT 7
MAT Le=(.891 *%Le

MAT We=(,03])r+ds

MAT X=¢,091)X

MAT Y¥=3C., Q01 0y

MAT Az=Le,.We

MAT Heg=(Hgss ! ASSUME ALL CERAMIC MRKE CORPECTIONS 83 MEEDED IN Calch
Bdi=Rdl+,4a1

Bdh=Bdh#, 001

Areg=Bd) *Bdh-Hreg

Hr=Bah-Hyr

Lr=Bgdi/Nur

Thick_b=*Thick_b+,.201

Al=AT#1E~-6

RETURN I END OF DRTARASE

]

sV INITIAL GLESS FOR TEMP CRIE = 2V deq ©
fed- % VOINITIAL CUESS FOR FOMER = 2% Watts

=%
L=

%
o

Calde:GO0ZUE Errar
Calcds ! OH EFFOF G0 T CALCAE
Powtot =Na gsHe augzhs avgad

(4>

120




THERML .. THEPMAL AMNALYSIS FOR THERMELE!

2050 FOR I=1 TO hNreg

2060 IF Cased([,1]1="1" THEN He([)aHep

2078 IF ltypecId>=d THEN 2120

2080 PowtotzPowt ot +Fow [

2090 Weavg=keaug+s He(l e, 201, Hreg + AYG WIDTH INCLUDING PINS

2100 HeauvgsHeavg+iHe I +slpind-Nreg ' RAVG HEIGAT IHCLDING PINS

21190 Navg=Navg+l-MH,r MUMBER 0OF ELEMENTS IM AN aAvwig CROS3 SECTION
2120 NEXT

2130 Rair=Badh+Cb-Naug=us avgsHeaug

21490 Peryma2=Esh+isNa g Heavg+i=lb

2150 Frat+S*(Fzrim-2«Egdh-2+2b’ Perin ! ROUGHHNESS FRCTOR
2160 Dh2a<Pair-Perim

2170 VairsFarr -RAair

2139 Re=Varr«Dhn Gru

2190 IF Ra> 1089 THEN Hbh¢=,323¢Kar1r DheRa~, 2 ! TURBLLENT AT 1003 DUE
2209 ! ! TO MANY TRIFS OF ZOMF3
2219 IF Re<=19309 THEM Hbr=5,40+«Kz1r«Fr-Dh ! LRAMINAR FOR 1.Gz..9%
2229 !

2230 RI_hor=Lrs CKI+ABSCRT +
2249 R1_ver=Hr " K1<AE3 Al

2259 Rb_hor=Lr 'LbeHreThick_b?

2260 Rb_versHr- (kbslreThick_b>

2278 RETURN ! END QF CALC®
2289 !

2290 Calcls:iGliUR Error

23983 Calct: ' THIS SECTISGH COMPUTES SOME OF THE HOH-CHANGING PREANETERS

2310 ON ERROR 40OT3 Caluole

2320 FOR l=] T0 Hreg

2330 ! BELOW MEPE WE CALCULATE THE CONYVECTIVE LIS3ES FOF EACH BOARFD FEGICH

2340 IF X{I)-ITh.19 THEN 2339 ! JUTSIDE OF THE DEYECIPMENT REGICH
2359 Gz=Re+Pr<«lh. . 1" .
2368 Hb=,8£844k 31 1, 1+Dh =3I0R G4 1+7, 34SQP(Pr Gz PrasFr V Eg 13,43 KHUTIEN

& KATZ LAMIMAFP [ ZEVELOFMENT REGION
2370 IF 1/Gz2,.9%5 THEM £330

2380 GOTY 24u@

2399 Hb=HbLf

2499 Aregtot=i-Arsg-rRe I

2410 Rb_tconurI's1 ‘Hb+Arzgrar)

2420 ! NOMW WE GET T THE ELEMENTS OM THE BIAFD

2420 IF [typenlr=0d THEN Ie49 t IF NQ ELEMENT THEHN %ET “ERY MIGH PEZISTANCE
2440 IF Itypedlr<ill THEN 2430

2450 Dis=.1#Diz

2460 Lpin=,1+Lpn

2470 Aspins,l«Azpin

2480 Rpins_cond=Lpin- ¥pin+A.pinsHpincItope I

2499 Rgap_cond=Diz - Kair<fAs. [

2%00 IF Ityupecl i1t THEN 2549

2510 Dig=10+D1 3

2320 Lpin=10#*Lpin

2530 Aspinz=19®3AspIn

2540 Re_cond(X1=Pp|ha_con4éﬁgap_cond'(prns cond+fgap coandy
2550 AbTas=Rerl +Z+La [ =Hs*AzpTn-Bpiniltope. 1. -
2563 HeblagaHb

2570 IF 1<E THEM Hb«I '=Hh

2539 Reblaz=l-  'Heb)azsAblaz®

2570 Hestags,ST-haireFr  deidf vair vlacl 4GnudD

2600 Rstagm2ebiac| <He [

2610 Restag=1/(Hezt ag+Astag!




2620
2630
2649
2650
2650
2679
2688
2699
2700
2710
2720
2730
2740
2750
2760
2770
27380
2798
2899
2819
2829
2830
2840
2850
2869
2870
2830
2899
29500
2910
2520
2930
2940
2950
2968
2970
2988
2990
3e0e
3010
3020
3038
3040
3050
3052
-3079
3080
3090
3100
3110
3120
3130
3142
3150
3160
3178
3189
3190

THERML .. THEFMRL RNALYSIZ FOR THERMELE:

Re_zonuv(l>=Reblasz*Restag. (Peblaz+Ristay)
GOTO 2589 o

Re_conu(l)>=1E38 -
Re_cond<I>=1E30

} BELOM HERE CALCULATE THE BOFAPD CONDUCTIVE RESISTAMCE
J=1 t HERE [S BOTTOM OF FPEGION

IF I+Nxr sHrsg THEH 2720

IF N1(J,1)=0 THEN 2749

R1¢J, I)aRY_var -N1CJ,I24Rb_ver -<(R1_ver /N1, [)+Rb_ver)
GOTO 2759

R1CJ, 1>=Rb_ver /2E-40
GOTO 27S«q

R1CJ, I0=Rb_rer

J=2 | HERE I3 PIGHT SIDE <F REGION

IF I MOD Nxr=d THEN Z&0

IF M1CJ, 120 THEH 2329

R1CJ,I>3R1_har H1 (3, 10%RD_hor/(R1_horsN1cJ, I3 +Rb_har) !
GOTO 2339 :
R1(J,1>=Fp_hor 2E-40Q

GOTO 2839

R1<(J, I>=Rb_hor

J=3 ! HERE IS THE TOP OF THE REGION
IF [<=Nxr THEN 233

IF N1(J,1>=9 THEN 2999
RICT, Io=RY _ver MILJT I #RD_er- (R1_ver-HI{J, I +Rb_w2r’

GOTO 2310
R1(J,1)=Rb_ver 2E-44
GOTO 2319

R1CJ,I>=Rp uar

J=4 V HERE I3 THE LEFT 3
IF (I=-4> MOD Mur=9 THEN 2
IF NICI, £)=d THEM 2339
RI(J,I)sﬁl_hor/NlxJ.IU*Pb_horf(Rl_hor/N\(J,I)#Pb_hor«
GOTO 32993

R1CJ, I)=RE_har 2E-40

GOTO 29829

R1¢J, 1>=Rb_hor

GOTO 3910

Rb_conucId=1 (Hb*Aregtot)

NEXT 1

]

RETURMN t END OF CARLLC:
[]
Cale_teiGO3SUR Error
Calc_t:! THIS SECTIOHN DETESMIHES SURFACE TEMP FFOM JUNCTION TENP AND R)_:
OH EPROR GIOTQ Calc_tz
IF Tem_sol=l THEN PETUFM
FOR I=1 TO HMreg
Te(l»aTjCIr=Pouwils*Rj ¢ 12
IF TedI)<Taircli=1,1 THEN Ter I =2Taircl,oet,.1
MEXT I
RETURH YEND OF Calc_t
Calc22:G03UE Error
Calc2s ' THIS SECTION CONTALIMS THOSE PARAMETERPS WHICH CHAHGE WITH TENFS
ON ERROR GOTO Calcis
DISF "“WORKIHG ON CHRMGING PARAMETERS®
FOR I=! TO MNrag
IF ItypecI>» .0 THEN 3239

IDE OF THE REGION
350

é)

122




3209
3210
3220
3230
3240
~
32359
3269
3270
32389
3290
3308
3310
3320
3330
3349
3350
3360
3379
3330
3399
34060
3419
3420
3439
34430
3450
3460
3470
3480
3490
3508
3510
3529
35309
- 3548
3359
3560
3579
3589
3599
36090
3610

ke ks~

THERML .. THERMAL RMALYSIS FOR THERMELEM:

Rtop_r<1)=1E359

Rgap_»ad=1550

GOTO 3259

Rgap_rad=(Epse+Epsb-Ep3e+Epsbr/(4#313%Epse~EpsbeRe I0+Te(I> 3>
Rtop_r(l'=t(1-Epsb)rnEpib*ﬁreg)¢1G/Rreg*\l-Epse)'aﬁeaI)*Epse‘;/<4051gf79(l;

Reotz_b(IlaRgap_rad*Rz_rcond<l)~‘Rgap_rad+Re_cond(l™

Rela(Ir=sRe_conuili+sRriote_bll) 111t MUST BE 3UM FOR ALGEERAIC PEASINS
NEXT I

RETURN i END OF CRLCZ
!

Calc_airesIGOSUE Error

Calc_air:! THIS SECTIOM FINDS THE RIR TEMPS FOR EALH REGIOM BARSED ON POWER
ON ERRDIR GOQTQ Calc_arre
CfrsCpar*Fair+Pho
Powtot=2
FOR a1l TQ Mreg
PowtotzPout ot +Fowi I
Taird()=eTair+,SsPoullrsNur-Cfr
IF ¢I-1> MOD Nxr=2@ THEN 3420
FOR K={-1 TQ I-<I=-1) MOD Mxr STEF -1
Taird{losTaircl i +PowKK)¢Nyr - Cfr
NEXT K
MEXT I
Tout=Tair+Powtor Cfr
RETURN ! END OF CALC_#AIR
]
SolueeiGO3UB Error
Solvel ! THIS SECTIOM SOLYES THE PROBLEM
ON EFROR GOTO Soluee
DISP "WORXIMG OH SETTING UP THE MATRIX"
fti=freet
BEEP
WARIT 320
BEEP
GOSUB 3et_up
GOSUB Elu
Errsd
Tmax=9
Prin=1069
IF Tem_sol=1 THEN 2730
FOR I=1 T) Heeg
Pnew=(Te(l)>-B(lis> Rrtote_b(I1I+(Taild-Taircld)/Re_conu(l)+(TelI -BCI2 " Pt

op_r¢l»

3620
36328
3€40
3650
3560
36790
3639
3699
3700
3719
37290
3730
3749

IF Pnew<® THEHN Frsw=Pow(l)>-2
IF Pnew<Fmin THEN Puin=fFnew
IF ABS((PoOwil ' =Prews.-Poulls>»»Err THEN Err=RB3CPoulI)>=Pnew) -Powll))
Pow(l)=Pnew :
NEXT I
Tnax=590
MAT Tb=E
IF Err<{Errmax.- 109 THEM 3540
GOSUB Calc_t
GOSUE Cale_air
GOTO 3329
FOR I=f TQ Nraeg
Tnews/Poull =Rroce bl *Re_conu [)+BC1 Re_conuiIdeTarrC(IMRrore_bily)

/Rele(!>

(?
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3730
3760
3779
3780
3790
3800
3810
3820
3830
3840
3830
3860
3870
3839
3890
3900
3910
3929
3938
3940
39%9
3960
3970
3980
3999
4000
| 94

40190
4020
4030
4949
4030
4069
4079
4020
4090
4109
4110
4129
4139
4149

THERML .. THERMAL ANALYS3IS FOR THERMELEX

IF ABSC(Te(I)>~Tnew’ Err THEN Err=AB3.Ter1)~Tnew)
Tec<)=aTnew
TJj(DaTe(lrePow([>*R)_cCI>
[F THCI)>Tmax THEN TmaxsT)CI)
NERT I .
Pninag
MAT Tbs=B
MRT AaZER
IF Err Errnas THEN 3920
DISP
FOR C=1 TO 4
BEEP .
WAIT 20
BEEP
WRIT 159
MEXT C
RETUR
GOSUB Temp_print
IF <Ite>307 OR <Err>200> OR (Tout>499> THEN GOTO Bomb
GOSUB Calc2
GOTa 3Solue ! END OF SOLVE
\
Set_upl! THIS SECTION SETS UP THE Nreg SIMUL ERUATIONS I3 MATRIN FORM
FOR I={ TO HNrag
IF Tem_zol=9 THEN B [1=Tz(l ) Rtote b{I)+Tarr/lrsRb_conu(1)

IF Tem_zol=1 THEN Bil)=(Powlll#Re_conuiD)+Tair(li ) RelelId+Tarir(Id Rb_corwuc

Ledge=Redgz=TedgezBedge=l

IF ¢I-1) MOD Nxr=0 THEN L2dge=2
IF 1 MOD Hxr=9 THEN Raedgesl

IF 1<=hxr THEN Tadge=2

IF l+Nxr>aNrz3 THEN Bedgesl

IF (I=1> MOD N:r=Dd THEN 40293
ACT, I=1)==1-R1C4, I

IF 1 MOB Hxrs3 THEMN 4100
RCI,I+1)==1 RYC2,1)

IF I<=Nxr THEM 4120

ARCI, I=Nxro==1/RI¢ 3,1

IF I+Hxr.sNreg THEN 4149

ACL, I+Mxrd¥==-1-R1CL, I
RC(I,1)=¢Bedge=l - RIC1, 1)+ ' Redge=1 /R1C(2,1V+(Tadge=1-F1(3, >+ adge=11.RI1/4

yId#1/Reote_boIdet Rb_zonu(iy=(Tem_sol=ilsRe_conuiId (Reladlr+Rrore_bilrl

4150
4160
4170

4180

4198
4200
4210
4220
4230
4240
4259
4269
4270
4280
4290
4300

NEXT I
RETURN ! END OF SET_UP
!
Elu: } THISZ SECTIOM PERFOPMS B LU DECOMFOSITION OF THE “A'MATRIK
DISP "UWORKING OM ITERATIGN NUMEBER ";Itt
Nmi=Hreg-1
FOR K=1 TO MNwl
. Kpi=K+t
FOR I=Kpl TO Nrag
G==ACI,K)/R{K,K)
ACT,K)>=G
FOR J=Kpl TO Nreg
ACTL, JISACE, JY+G+R(K, JD
NEXT J
NEXT 1
HEXT K

(8

e Y

ks, b AR < T L




THERML .. THERMAL RMNALYSI1S FIR THERMELEX

4319 Soluar: ' TH!S SECTION SOLVYES THE NEW MATRIX AND PLRACES THE RANSHERS
4320 NplasNreg+! ! INTO MRTRIX B TQ BE PRS3ED BRCK TO SOLVE

4339 FOR k=1 TO Nml

4340 Kplak+i )

43350 FOR l2Kpl TO Nreg -

4360 BCIX=B(I)+RCI,K3BKD

4370 NEXT I

4330 NEXT ¥

4390 B{Nreg>sBiNreg) AitNreg,Nregn

4490 FOR K=2 TQ Hrag

4410 I=Npl-K

4420 Ji=l+1 :

4430 FOR J=J1 TO Nre3

4449 BCIs=BCIo=-R: I, J0sE0 T

4450 NEXT J

4469 BCI>=BCIY R(TI, 1>

4479 NEXAT K

4430 RETURN ' END OF SOLYER

4490 Temp_printi! THIS SECTION USED FOR INTERMEDIATE QUTPUT
4509 EXIT GRRPHICS
4510 IF (Temprt=1> AMD (Anz=Pl. THEN PRINTEP 1% @

4520 PRINT SPR<1>,“DATA FOR “jPiztibls;" #' s Itt " ITTERATION"

4520 PRINT LINC2)

4540 FIXED 2

4559 PRINT "PEG # Tzasz ' Deqt) Tjunc ¢De2qf) Treg (Da2gC) Pow

(W) Rj-ciW sy '

4560 FOR I=1 TO MNreg

4579 PRINT I}TRB(12,,Te(l1>-273;TRBC26>,Tj(1y~2732;TAB41>,Tb(1>~273;TRB(S2),
PouwdC[>;TABLBZ M Rj_c )

4359 NEXT 1

4590 PRINT LIHC(2>

4632 PRINT "BOARD THICKMESS=";1002*Thick _&i"mm AND CONDUCTIVITY =";¥b;"Wat
ts/M-K"

4610 PRINT

45298 GOTO 4529 ! PRINT " 1 RB_CONY RE_COHY TE Hb*
4630 FOR 121 TO S

45409 PRINT UWSING 46833 1,Fb_conw(l),Re_conuily, TelI)=273,HbC )

4650 MENT 1

4660  IMAGE DD,4%,4:4D.4D, 44>

4678  PRINT

4630 FIXED 4

4690  PRINT “COOLING AIP FLOW OF ";Fair}"M~2 per SEC YEL=*3Vair; "M-See", " ("}
Vair#39/33"FT/3)",LINCL)

47080  PRINT “INLET AIR TEMP=";Tair-273;" deg C  OUTLET AIR TEMP=";Tout-273;“de
9 C*

‘4718 PRINT LIMC2),"LARGEST DIFFERENCE BETWEEN [TTERATIONS ="jEprrj“ssz<s”

4720 PRINT

S LINC2Y

4730 PRINTER IS 16
4740 © STANDARD
4730 RETURN

4769 Debug: FAnzsa"H"! TEMP DEBUGL FOR RESISTRANCES

4776 RETURN !

4730 INPUT “DO0 YOU WISH T2 HAYE A LIST OF ALL THE RESISTRHNCES PRINTED ‘MO or VES
Y?2%,Anss

4790 IF UPCS<(ANn3s(1,1133"N" THEN RETURN

4309 PRINTER I @

4819 FIXKED S

(9N
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THERML .. THEFMAL RMALYSIS FOP THEFPMELE:!

4829 PRINT * REGH RE COND RE CONV FIDTE B RTOP E RB_

CONV* )

4830 FOR I=1 TO Nreg

4849 ! FRINT THB(S),l,THBtJ\,Rc_cond(l),TﬁB(d);Rc_conv(l),TﬁB(G),Rtotc_b(l):TRB{
S)iRtop_r(l);TRE 4 JRe1G (] b

4852 PRINT TAB(Z), I Re_sond(l2iRe_conulId;Riore_b(IY;Prop_r{l);Rb_tonuiI)

4860 NEXT I

48790 PRINTER IS 16

4330 STANDRRD

4990 RETURH

4909 Units:!) THIS SECTION CONVERTZ FFROM METER TO am

4910 Bd1=1000«B1! HERPE CORPECT LHITS FOR WSE IM GRAPHICS AHD TO REWORE ANALYEIIS
4920 Bdh=1209~Bin

4930 MAT X=(1099 <X

4940 MAT Y=(100Q. Y

4930 MAT Les- 1003, ¢Le

4960 MAT Wes= 1999 *We

49?0 Thick_b=1000=Thick_b

4980 RI=AI+1ES

4999 RETURN ! END OF Units
3008 !

$819 Outpute: GOSUE Error

$020 CQutput:! THIS SECTION QUTPUTS TO GRAPKICS ON A BLANK ROARD

5030 ON ERROR GOTD Jutputs

$040 PLOTTER IS “GRAFHICES"

S350 GRAPHICS

$8€2 MSCALE 9,19

$87?9 CSIZE 2

$039 LORG S
3099 MOVE 13,130
S190 LABEL "---air flow=e==> "

5119 CSIZE 3

5120 Bdh=B3hsSca

5139 Bd1=B3l-Sca

5149 IF Scasi THEM %220

$158 LORG 6

160 LDIR PI-2

S$170 MOVE 175,79

S1890 IF Sca>1l THEM LABEL "THIS PICTURE IS l-"&vYaL$(Sca %" SICE"
S$190 IF Sca<l THEN LAZEL "THIS PICTURE I3 2% SIZE"

5289 LORG 3

$219 LDIR ©

$220 MOVE 130-LEN:"GUTPUT DATAR FOR "$Pictibl$:-2,13%

T229 LABEL USING "K";"OUTFUT DRTA FOUR "s«Pictlibis

5240 MOVE 2,0

-52%0 DRAW O,Bah

5269 DRAW Bd1, Eah

5279 DRAW B31,0

$230 DRAW 92,8

$290 LIME TYPE 3

8300 LrsBdl/Nxr 1 LR = LENGTH OF EACH REGION
$319 HrsBdh/Nyr I HR = HEIGHT OF ERCH FEGION
$320 FOR I=1 TQ Mxr-t

S$330 MOVE I»Lpr,9

$340 DRAW I+Lr,Bdn

S3%0 NEXT

$3¢0 FOR I=1 TO Hur-l

S$370 MOVE ©, [ +Hr




THERML .. THERMAL AMALYSIS FGR THERMELE:X

3380 DRAW Bdl, [+Hr
8399 HNEXT !
8490 LINE TYPE 1

S418 LORG 3

$420 Nr=Q

S430 CSIZE 2.4

S440 FOR I=1 TO Nreg

S450 MOVE Xelar=,3%<+Lr ,Y(l e, 3SoHr

460 LABREL USIMNG “R";YALS I

5470 MOVE MC[ v+, 3%Lr, Y]+, 2S+Hr

5489 LABEL USING "K"3Tupes lrypedils,

$490 IF leypecl.o=d THEN SSTOQ

$500 IF Tjilr-2730.35+(Tma.-272> THEMN LAPEL USIHNG $E18:T3C15-273
$S10 IF T)(l)=273"%,3%2Tmax=272 THEM LRZEL USING %S0Tyl -272
3520 IF PowdId<=1,0%+Pmin THEN LABEL UZIdG SS2@Powdl].

5530 IF Pow(Id>1.05+Fuyn THEN LREEL USING TAII3Powel:

5540 LABEL USING S21@3Tei =273

311 GOTD S$T99

$360 !

$S570 LRBEL USING “k"j e

35580 LABEL USING S£1d3Th(lr»-273

S$590 MEXT 1

8608 IMARGE "«#",DDD.D," C*
$61@ [MAGE DDD.D,"* "

S620 [IMRGE D.DDD," u*

8630 IMAGE “"#+",D.DDD." W
S64Q2 FIXED 4

$6350 DUMP GRAPHICS

S668 PRINTER IS @

$670 PRINT SPA29O," "

$638 PRINT SPRcZay," “

$690 PRINT SPR(ZQ:, " TYPE EMPTY |*

S?700 PRINT SPACZdOy," Tiunc or .

$?710 PRINT SPR(29O:." POW Tboard |*

$729 PRINT SPR(29:," Tcase .

8730 PRINT SPR.ZOO," "

$749 PRINT LIN(Z)

37350 PRINT 3PA.143" FLOW FRTE YELOCITY Tin Toutr “

$?60 PRINT USINHG S203; "COCLING RIFE "iFarry ' 3. Sec"ivair; "M -Sec i Tarr-2735"

deg C";Tout=273;"deg "

$§770 STANDAPD

S780 IF Tam_so0l=2 THEHN PRINT USING 5319;"LARGEST CHANGE IN POWER BETWEEN ITTEPAT
IONS #";Ite-15" AND #";lres" = “3Err

S790 IF Teu_szol=1l THEN FRINT UIING S21Q7"LAPGEIT CHANGE IM TEMP BETWEENM ITTEFATI
ON3 #"jItt-1;" AND #";lte;" = “;Err

$800 IMAGE 11R,2¥,.4D,7R,21,DD.4D,5R,2%,3D.D,%R3.2%,3D.D,%R

%8190 IMAGE -~4%A,DD,=H,DD,A,DD.4D .

$820 ! MORE OF THE CIRLUIT DESCRIPTION CRN BE PRESENTED HERE

$830 PRINT LINCLL,"CIRCUIT ROARD DESCRIFTION I3 STORED UHDER "jCHFP$C132:iNama$;
CHRS$(128)
$840 PRINT *

“yLINCZ)
$8%0 PRINTER I3 143
5860 EXIT GRAFHILS!
$870 RETURN t END OF QUTPUT
Sgs30 !
8899 What_ncueiGOIUE Error
$900 What_now:! THIS SECTION FRESENTS THE VARIQUS OPTIOHS AVAILABLE AND DIFECTS

(SR P
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THERML .. THERMAL ANALYSIS FOR THERMELEN

3910 ! PROGRAM CONTROL AS NEEDED

$920 QN ERPOR GUTD What_nnwe

S930 SE="WHRT HOW >

5940 GOSUB Pajehead .

S$950 PRINT TABLL1S>,"7Vou Ma'e completed the therhal analusirz of :*

S960 PRINT TREC(IT~LENIPICLIDIE, 2> CHRECI23: ;P12 IDISICHRELIZS)

S970 PRINT TREGLI? ,"the options avarlable ars lizted balows"

8980 PRINT LIN«1D TRE: S, "1. CHANGE COOLING ALF PARAMETERS AND RE-ANALTYZE ";(HR
$C132);NamaSjCHRSCLZS 3%, "

$990 PRINT LIMNCLI,TRE/S),"2, SENSITIVITY ANALYSISZ FOR CHRMSES IN COOLING ARIR PA
RAMETERS OF “;CHRE 1I2yiNamed; HPECL123y ",

60098 PRINT LIM«1>,TAB{S>,"23. MRKE CHANGSES T0O BOARD DESCRIPTION IN FILE NAME *3C
HREC132) I Names; CHR S 125, "

6010 PRINT LINC1»,TARL3), "4, PETRIEYE A NEW BEOAFD DESCRIFPTION FROM MASZ STORAGE

6820 PRINT LIMC1),TAB(S),"S. INMPUT R NEW EBIGARD DESCRIFTION FROM THE KEVEORRD, ™

€038 PRINT LIN«1),TAB(S), s, TERMINRTE SESSION"

69049 MapaBomb=d

6059 Anzs=vyi"

6060 IMNPUT "VOQUR CHOICE FROM REOYE (1,2,3,4,5.82>",Anss

69270 1IfF An3z $="BACH _UP" THE! RETURHN

€080 Ans=INT(VALLANs S

6030 IF <(Ans &> RND Ans‘=5) THEN §12@

6100 GOSUB Errin

6119 GOTO What_now

6128 ON An3 GO3UE Redo,S5#nz1,lhange,Se%_new,keu_new,Terninate

6139 IF Anssl THEH RETUFH 1

€149 COTO What_now

6150 Redo: RETURN ! THIS WILL ALLOW PESTART QF THIS PROGRAM WITH SAME BOARD

6160 !

6179 San3igiGNIUE Error

6180 Senszi:! THI3 SECTION PRODUCES PLOTS OF QUTPUT V5 COOLING RIR PARAMETERS

€190 ON ERPOR GOTD 3Sznzie

6200 38="SENSITIVTY ANALYVSISY

6210 GOSUB Pagshead

6229 PRINT * Thrz section 3llows wou to inugstigate the effects of wvartationz
in the air flow rate. “;

€230 IF Tam_sol=1 THEN FPINT “Flots of Maximum Juncticn Tsuperaturs s Flow Rate
of the air are produced”

6240 IF Tem_scl=0 THEM PRINT “Plotz of Minumum Fower us Flow rate of the air are
produced. "

250 PRINT " You zpacify the maximum flow rate per board (MA3-zel) and five 8
eparate * .
6260 PRINT "analyzez are perfaormed and the results plotesd, NOTE!: zelecting a m
aximum flow"

6270 PRINT “that i3 evenly diviszable by five (5,108,309 wi1ll result in better loo
king axes.",LINuL. .
6289 PRINT "These plats may be produced on either the z:reen (with hard copy via

Key3> or "

6298 PRINT "on a peripheral plorter s3uch as the Hp 9372R. In addition a printasd
tabular”
6300 PRINT "output of the results at each of the airflou rates mav be produced.”
6310 PRINT
6329 Ansss"NULL"
€330 INPUT "WHRT 13 THE LPFER LIMIT ON THE AIR FLOW RATE FOR THE SENSITIVITY ANA
LYSIS?",RAnss
€340 [F Rnsl-"BﬂtK_UP" THEM What_now
6330 IF Anss="NULL" THEM £3&9

(12>
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THERML .. THERMRL ANRLVSIS FOP THERMELEX

6380 An3sABS(VALIAN; 8,

6370 Xmax=Ans

630 Xmins=d

6390 Xsteps(amax=Xmin>-/$S

6400 Ymin=d

6419 Mults199009

6429 IF Xmax s, 90! THEN Mulrt=10adQ
6430 IF Xmax>=.31 THEH Mult=1299
6442 IF Xmax>=s,|1 THEN Mult=1@9

6450 Anssa“N*“

6460 INPUT *“D0 w0 WISH TO HRYE TRBULAR FESULTS FOR ERCH OF THE RIR FLOWE?'H or
Y>“,Anss .
6470 IF Ans$=“BRCK_UP" THEN Seri
6430 Temprea=d

6490 IF UPCB(MNns$ =" THEN Tamprt=i
63509 GOSUB Databaze

6510 Map=1

6520 IF Tem_zol=1 THEN S%9%9

6538 FOR Farrsimax T0O Hs3tep STEF ~-Xstep
6540 GOTO £%560

6550 FOR Farr=h3tep T Xmax STEP istep
6560@ GOSUB Cal:9d

6570 GOSUB Calcl

6580 GOSUB Cale_»

€999 GOSUB Calc2

6600 GOSUB Calc_mr

66190 GOSUB Solue

6620 IF Tem_sol=l THEN ¥=Tmax-2732
6638 1F Tam_sol=0 THEN Y3Pmin

6649 IF Temprt=! THEN PRINTER I35 @
66S0 IF Tampre=l THEN 30SUB Temp_print
6660 IF Map=l THEN O3UB FPloe

6679 IF Anz$="BACK_UFP" THEM 54359
6680 Ans=lttaMap=d

€690 GRAPHICS

6799 PEM 1

6710 MOVE Fair,Y

6720 LORG S

€730 LABEL USING "K"i"=#"

6740 PEN ©

67350 NEXT Fair

6768 EXIT GRAPHICS

6770 DUMP GRAPHICS

6783 PRINTER I3 @

6790 PRINT LINC2:

€800 PRINTER IS 1€

6812 GOSUB Units

6820 GOTO What_now ! END OF SENSI
€830 !

€349 Changel! THIS SECTION LOARDS BOARDS TO ALLCW CHRANGES TO THE CIRCULIT DESCRIFT
68350 Map=t

68€Q@ PRINT PRIE

6870 DISP "WOFKIMG LORDIMG BORRPDA"

68306 LORD "BOARDS",1

6890 Gct_nem:! THIZ SECTION EXPLAINS THE Tu) WRYS TO GET R NEW BOAFD DESCRIFPTIIN
6999 SE="INFUT OF NEW BONED DEICRIPTIOIN"

6910 GO3SUE Pageheaa

6920 PRINT * The new board Jdescription may D2 read in from masi: 3%orage 'n ty
o different”

a3y
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PRINT “programs. THERML ‘the program 'n core now' w

checking or"

6940

read

€9%9
rior
6960

6970

s and

€980
6990
70009

PRINT “modification of descriptive data for the circ
n"

111 not atlow vrsual

urt board., The Jats 's

PRINT “"at our direction but only Questiore Concerning the en:ironment e:te

to the”

PRINT “zircutt board are asked. The se->nd me'hod 2f 1nput from Mass stora
ge 1nvoles”

PRINT "the program BORFDS wuricn allows both Jata che
L]

PRINT “oppoartunities 1o modif, the Qgascrigpt e data,

PRINT :

PRINT LIt { ,TRE-S.,"1. FERD A NEW BOAFD JESCRIFTIC

orrections "

7019

PRINT LIN L, TAB.S ., '2. FEARD A HEW BOARFD LDEICRIPTL

ws correctiIons

7020

PRINT LIM« 2 ," REMEMBER TRE THERMELE. ¢ 3TEM MUST EE

ORAGE DEVICE"

7939
7040
7059
7069
7070
bd 11
7038
7100
7110
7120
7130
7140
7130
7160
7179
7180
7138
7200
7219
7229
7239
7240
72%@
7260
7279
7280
7230
7300
7310
7329
7330
7349
7330
7360
7370
7380
7399
7400
7410
7420

Anssa i

INPUT “YCUR CHQICE FPOM RBOYE 1,2'%“,Anss
IF Anss="EACE _UP" THEN dhat_nouw
RNIBYAL AN S

IF (An3,@)> AND ‘Ans 3 THEN 7199
GOSUB Erran

GOTO CGer_new

IF An3al THEN T1:20

Maps=|

RETURN

]

Maps=s2

DISP "WORKFIKWI LIARDIMG BARFDS"
LOAD “BORRD3S", |

'

Key_new! '’ THI3 SECTION LOADT BOAFDS WITH THE INTENT
Map=3

DISP "WOFKING LOADIHG BORRD:"

LOAD *BOAFDS",!

1

Terainate: ! THIS SECTION TEFMINRTES THE SEZZION
GCLEAP

DISP "WORKING LORDING STANDARD FE'v DEFFINITIONS"
LOAD KEY "STDREY"

PRINT LIM:23.,3PRA 1S, "NOFMAL TERMIMATION"

PRINT LINCZ), SFACLS,," THANK () »

DISP

END

l

Pajehead!' THIS ROUTINE PLRZES THE PAGE MEADINGS FOF
PRINT PACE, TAB.34-LEN« S8, -2 ,"¢» "3CHREC132:358;CHFE
RETUFRHN

)

cking Through rapht:
HOJSING THEPML., ‘ne

oS ING BORPDI, a1l

it THE DEFAULT MASET 37

T IMPUT MEw BCARFD DELD

tEMD OF TEPMINATE

THE INITRUCTIONS

LSyt et LINGZD

érrtn:! THI3 SECTIOM ALERTS THE USER TO AN RTTEMFT T INFUT BAD DRTHA

BEEP

DISP "wesses INPUT OQUT OF RANGE....ccvvvv.ee TRY RGA
WRIT 13500

BEEP

RETURN

[

(14)
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7430
7440
7430
7460
7479
2480
7490
ka1 1)
?St1e
7520
7330

ESS CONT WHEM PERDY"

7349
7330
7560
7570
7?3530
7390
7609
7610
7620
7630
. 76490
7639
7660
7679
7680
7690
7700
7710

THERML .. THEPMAL MNAL'S1S FOF THERMELE!

aia 36 famhnin e < ek

Error:! THIS SECTION IS THE ERROR TRAFPING ROUTINE FOR THE ENTIRE PRAGPAM
' PROGRAM FLOW FESUMES AT THE ‘TOP NF THE SECTION IN WHICH THE ERFOR
! DCCURED AFTER THE UIER PRESSES CONT

EXIT GRRPHICS

PRIMTER I3 I®

PRINT PRGE

BEEP

WRIT 399

BEEP

IF ERRN=SS THEMN Err rams

PRINT LIN‘ZB“.SPR“IE'."EPPDR HUMBER" ;ERRN; "HAS DCUPRED IN LINE“";ERRL;“. PR

DISP
BEEP
PAUSE
RETURM
'

Err_namgi! THIS SECTION FOR IMPROPER FILE NAME
PRINTER [3 1%

PRINT PRGE

Msus$="DEFRULT MASI ITORAGE"

FOR I=2 TO LEN MHam2d:

IF Mame$CI,Ila":" THEN 770

NEXT I

GOTO T739

Msus$sNames(1)

CAT Miuss

GOTO 7719

CAT .

PRINT LIMNuL ,"File tame “"JCHRPECLIZZ iNamesl],I~12iCHRSC123 3" 13 NOT on ", CH

REC132);MsusBICHRE 12T 1" with that spallingii.ooaa”

7720

7730
7740
77%0
77260
7?77
77890
7799
7800
7810
7820
7839
7848
78%0
7860
787@
78830
7890
7990
7910
7920
7930
7940
7930
7960
7970

PRINT LINCL1),"CHECK JWER THE DIPECTIRY REOWE FOP JOQRFECT NAME OR SFELLING,.

DISP "PRE3Z CONT WHEN READY"
PAUSE

RETUPH ! END OF ERFOR
Plota:G03UB Errar

Plot: ! PLOTTING ROUTINE FOP THE RAXES
ON ERROR 30TD Plors

PLOTTER 13 “GRAFPMIL:"

IF Tem_s3o1=0 THEH 73320

Yitep=1d

FOR 1=9 TO 7

IF Tmax-273"%50+1=2% THEN v3tepslSel«S
NEXT

Pltiblis="Tjun: 3 Air Flow"
Yipi1¥="Jun: Temp dey C:"

GOTO 7949

Ystep=.1

FOR =1 TO 19

1F Potn>, %S¢l THEN Yitdp=, 1sC]l4]>

NEXT |

PitiIbisas Pmir w3 Frr Flouw"

YIBT 6o "Mipr Pougr Coup ‘Wtttz "
Yma.=Se/step

GRAPMICS

LOCATE 1%,129,10,%%

SCALE “min,.md , itmin, ‘max

%
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THERML .. THERMARL RANALYSTIS FOR THERMELE:

7980 AXES Xstep,Vztep.Xmin,VYmin
7990 CSIZE 3
8900 LDIR ©
8819 LORG 5
8020 FOR Xpos=imirn TO Xmax STEP Nstep
8039 MOVE Xpos, min-.1="vstep
9040 LABEL USING "k"ilkpos=Muly
80859 NEXT Xpos
8050 MOVE 2.S~%st2p,-.3+Vatep
8970 LABEL USING "kK":"Rir~Fiow-Board ("&YALS(1-Mult,g" M-3/3ec)*"
8980 LORG 3
8090 FOR Yposzi=Vuin TO Ymax STEP Ystep
8100 MOVE Nmin-,lwistap,Vpas
8119 LABEL USING “F"iVpos
8129 NEXT ‘Ypos
8139 LINE TYPE 1
8140 LORG 4
8130 LDIR PI-2
8160 MOVE ~.d*xs3tep,l.SeV3tap
8179 LRBEL USING "K“i;vribls
8180 MOVE “minel,SeX3tep,S.1+Y3rep
8199 CSIZE 4
8209 LDIR 3
8210 LABEL USING "K"!Pictibls
8220 LABEL USING “K";Pltibls$
82230 RETURN I END OF PLOT
8240 !
. 8259 Bombi' ThIS ZECTION DELIVEFS MESSRGE 7O THE U3IER OF FRILURE TJO CONVERGE
, 82€0 WRIT 2090
f 8270 BEEP
8280 PRINT PAGE,LINC1@,), "UNRBLE T RCHIEYE CONVERGENCE DUE T NUMEFRICAL INSTABIL
ITIES"
82990 PPINT LIN¢2Y,"1 SUGSEZT A CHAMGE IM EITHEF THE INSTALLATION FAFAMETERS JF
8300 PRINT LIN/ 1, "THE CIRCUIT BOAFD FAFPAMETER: ...."
8310 PPINT LIN-2+,"THERMELE- PSEDICTS TEMPERATLUFES MUCK MUCH BETTEF THAN POWER L
EVELS"
8320 PRINT LINCI),"TRY SPECIFYIMG THE COMPONENT POWEF LEVELS.",LIN 3
9330 DISP "Pra2ss CONT uhen resds 1o return to oprion lizt"
8340 BEEF
8350 PRUSE
8360 DIsP
8370 Bomb=\
8380 RETURN ! END OF BOME

16>
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